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The sole-source unconfined Missoula Aquifer provides drinking water to 60,000 
residents. The Clark Fork River reportedly provides 50-90% o f the aquifer recharge. If 
this recharge source becomes contaminated, water from municipal wells may be at risk. 
The goal o f this study was to examine the river-groundwater recharge process and to 
quantify the sources o f water pumped for water supply. This goal was accomplished by 
investigating the geology, the groundwater occurrence and flow, aquifer properties and 
streambed properties. Results o f these investigations coupled with components from past 
studies generated a conceptual model and ultimately a transient three-dimensional 
groundwater flow model. Finally, water sources were assessed by particle tracking. 
Geologic investigations revealed a course grained aquifer with discontinuous packages of 
fine grained material. Observations at 29 monitoring wells from May 2004- June 2005 
enabled construction o f potentiometric maps revealing an east to west flow direction 
divided by the Clark Fork throughout most o f the study region. Aquifer investigations by 
pumping tests, slug tests and peak delay analysis yielded hydraulic conductivities ranging 
from 2,000 to 48,000 ft/day in the eastern portion o f the aquifer. Streambed 
investigations by vertical gradient measurements, temperature monitoring and modeling, 
stream discharge measurements and tracer tests revealed the river to be perched above the 
aquifer and losing water. In Hellgate Canyon the river is perched approximately 5 ft 
above the aquifer and leaking 1.9-4 ft^/day per o f river bed. In the Madison Area the 
river is perched approximately 17ft above the aquifer and leaking 7-14 ft^/day per ft  ̂o f 
riverbed. A three-dimensional transient model was calibrated to March 17, 2005 water 
level data and water level changes over the study period. The ground water budget from 
the model suggested 82% o f the groundwater in the study region is from Clark Fork 
River leakage and 12% is from up gradient underflow. Particle tracking to delineate 
capture zones revealed dominant horizontal flow with wells adjacent to the river on the 
south side receiving 50-80% o f their water from the river, while distal wells on the south 
side are dominated by underflow and wells on the north side receive recharge from a 
losing portion o f Rattlesnake Creek.
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CHAPTER I 
INTRODUCTION
Preservation o f clean and uncontaminated groundwater is vital to our way of life. 
In the United States more than 50% o f the population utilizes groundwater as a drinking 
water source [Solley,et.al 1993]. Groundwater is particularly important in the western 
United States where surface water is limited [Miller et aL, 1963].
The major aquifers o f the western mountain ranges are found in the valley fill 
alluvium o f intermontane valleys [McGuinness, 1963]. In alluvial aquifers, production 
wells and well fields are commonly installed near rivers in associated coarse highly 
conductive fluvial deposits. In some cases these wells capture infiltrating river water. 
River waters are vulnerable to contamination from numerous sources. As a result, many 
studies are now investigating the interaction and impact of rivers on the quality of 
groundwater produced from nearby production wells [Driscoll, 1989; McCarthy, et aL, 
1992; Derouane and Dassargue, 1998; Kelly, 2002; Bowers and Caldwell, 2003].
In the Missoula Valley o f Western Montana, the highly productive sole source
Missoula Aquifer supplies over 60,000 residents with potable groundwater. A
substantial portion o f the Missoula Aquifer in the eastern portion of the valley is reported
to be recharged by the Clark Fork River. Miller [1991], reports that 83% of the annual
recharge is derived from Clark Fork River leakage. Unfortunately, the quality o f the
Clark Fork River (CFR) and the associated groundwater has the potential to be negatively
impacted by upstream historic mining wastes that are distributed along the channel, held
in the settling ponds at Warm Springs, and sequestered behind Milltown Dam [Moore
and Louma 1990, Smith, 2002, US EPA 2004]. Additionally, the river is at risk from
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highway, railroad or other catastrophic spills [CMCR Wildrockies 1996, Montana Hazard 
Assessment and Mitigation Plan 2004].
The vulnerability o f the Clark Fork River recharge source to the Missoula Aquifer 
highlights the need for informed groundwater management and protection o f the quality 
o f infiltrating river water. The sustainability o f a sole source aquifer under this set of 
conditions calls for a clear understanding o f recharge sources and the development of 
plans to protect those sources.
Purpose and Scope of Study
The goal o f this research was to determine the sources o f water being pumped 
from production wells located adjacent to a losing stretch of the CFR. O f particular 
interest was the quantification of the recharge from both Hellgate Canyon underflow and 
from direct CFR leakage. Accomplishment of these goals involved the following tasks:
1. Collection and analysis o f well logs and geologic information to delineate the 
geologic setting, aquifer stratigraphy and physical aquifer boundaries;
2. Establishment of a well monitoring network for the determination o f the vertical 
and horizontal head distributions and their variation with time;
3. Establishment of surface water stage measurement locations and temperature 
recording stations to correlate river stage to associated riverbed flux rates;
4. Synoptic survey stream gaging to determine riverbed leakage;
5. Aquifer testing to characterize aquifer hydrogeologic properties and 
hydrogeologic boundaries,
6. Development o f a water balance and a conceptual model o f the aquifer;
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7. Construction and calibration o f a three dimensional numerical model o f the 
eastern portion o f the Missoula Aquifer; and
8. Three dimensional capture zones delineation utilizing particle tracking.
Description of the Study Area
Location, Topography
The study area includes the eastern portion of the Missoula Valley in Western 
Montana (Figure 1). The Rattlesnake Hills bound the northern portion o f the study area 
and the eastern boundary runs north-south along the eastern edge o f the mouth of 
Hellgate Canyon. The aquifer is bound on the southeast by Mount Sentinel and to the 
south by the South Hills. The western extent of the study area is approximated by the 
northeast-southwest trending Montana Rail Link Railway. Two intensively studied areas 
displayed on the map are Hellgate Canyon and the “Madison Area".
The topography o f the Missoula Valley floor is relatively flat but slopes gently 
toward the northwest. \McMurtrey et al, 1965]. This portion of the Missoula Valley is 
drained by the Clark Fork River. The Clark Fork River enters the valley from the east 
through Hellgate Canyon then flows to the west with an average gradient of 10.4 ft/mile 
[fVoessner, 1986].
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Climate
The Missoula Valley climate is semi-arid. Summers are dry with cool nights and 
winter is dominated by Pacific maritime air [McMurtrey et a l, 1965 & Woessner, 1988]. 
The Missoula Airport 30 year average precipitation from 1971- 2000 is 13.82 in/yr. Peak 
precipitation occurs in May and June, 1.95 and 1.73 inches respectively. Minimum 
precipitation occurs in February and October, 0.77 and 0.83 inches respectively. The 
average temperatures range from a 17.7° F to 80.4° F [NOAA, 2000].
Geology
The Missoula Valley is an elongated intermontane depression resultant o f Basin 
and Range extension coupled with right-lateral movement along the Ninemile fault 
system [Fields et aL, 1985; Evans, 1998]. The valley is bound to the east by Precambrian 
Belt medisedimentary bedrock mountains, Mt. Jumbo and Mt. Sentinel. To the north and 
southeast respectively, the valley is bound by Waterworks Hill and the South Hills both 
composed o f Tertiary sediments, (Figure 2). The valley fill is comprised o f Tertiary and 
Quaternary sediments (Figure 3).
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Valley Fill
The center o f the Missoula Valley is filled with over a mile o f Tertiary and 
Quaternary alluvium and colluvium [Evans, 1998]. The Tertiary deposits are divided into 
three statigraphic units:
1) The Pre-Renova Formation Equivalent or Early to Middle Eocene deposit a basin 
margin fanglomerate deposit;
2) The Renova Equivalent or Oligocene-Miocene deposit, containing light grey to 
orange-brown siltstone, sandstone mudstone, conglomerate, coal and air-fall ash 
[Fields, et ah, 1985]; and
3) The Sixmile Creek equivalent, comprised o f coarse elastics, deposited as 
mudflows or debris flows with a large volume o f volcaniclastics [Fields et ah, 
1985].
Above these deposits lie Quaternary lacustrine and alluvium deposits. The alluvium 
consists predominately o f  sand and gravel with some reworked silt and clay from the 
Lake Missoula Lacustrine deposits, [Harris, 1997]. Smith [1992] reported 246 ft thick 
alluvial deposits near the mouth o f Grant Creek. Quaternary alluvium in the Missoula 
Valley may have an aggregate thickness up to 400 ft but is never greater than 300 ft thick 
at a single locality [McMurtrey et. ûr/.1965]. Since the Tertiary deposits, especially the 
Renova Equivalent, are dominated by fine sediments and volcanic ash, it is generally 
considered to be a poor aquifer. Water supplies in the Missoula Valley are derived from 
the younger fluvially deposited sand gravel and cobble sediment that dominate the upper 
few hundred feet o f the valley floor.
Hydrogeology
The Missoula Aquifer is a highly conductive, unconfined, shallow sand and 
gravel aquifer. Municipal supply wells commonly produce several thousand gallons of 
water per minute.
Previous Work
Physical and hydrological characterizations of the Missoula Aquifer have been 
carried out by many researchers [McMurtrey et,aL, 1969; Geldon, 1979; 1986;
W oessner, 1988; W ogsland, 1988 Armstrong, \99 \; Miller, 1991; Stringer, 1992; 
Pracht, 2001; LaFave, 2002; Morrow, 2002]. The primary Missoula Aquifer delineated 
by Clark [1986] and Morgan [1986] is within the Quaternary fill and possibly the Sixmile 
Creek Equivalent. The saturated aquifer thickness commonly ranges from 50-120 ft thick 
[Woessner, 1988]. Morgan[1986] describes three hydrostratigraphic units of the 
Missoula Aquifer as:
Unit 1 : an upper coarse grained unit comprised o f boulders, cobbles, gravels, sand 
and some clay, ranging from 10-30 ft thick;
Unit 2: silty sandy clay with coarse sand and gravel averaging 40 ft thick in the 
center o f the valley;
Unit 3: lower unit, consisting o f interbedded gravel, sand, silt and clay, coarsens 
toward the bottom thickness varies from 50 to 100 ft.
Previous investigations stated the aquifer is principally recharged by the CFR,
with additional recharge from the underflow through Hellgate Canyon, and minor
recharge from the Tertiary Hills and Rattlesnake and Pattee Creek drainages [Clark,
1986; Woessner, 1988; Miller, 1991]. Groundwater monitoring has shown seasonal highs
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in the late spring followed by declines through the winter. Groundwater level fluctuations 
near the river are commonly 10 to 15 ft annually. Aquifer testing in the main Missoula 
Aquifer has yielded hydraulic conductivity values ranging from 1000 to 18,000 ft/day 
[McMurtrey, 1965; Clark 1986; Miller 1991]. Production wells finished in the Missoula 
Aquifer yield 800 to 6000 gpm. Groundwater velocities are reported to range from 7 to 
90 ft per day [Miller, 1991; Pracht, 2001; LaFave, 2002].
Land and Water Consulting [2003], Miller [1991], and Woessner [1988] have 
produced groundwater flow models for the entire Missoula Aquifer. Other researchers 
have modeled portions o f the aquifer e.g. [Armstrong, 1991; Pracht, 2001]. However, 
these two-dimensional models do not take into account the aquifers vertical 
heterogeneities, and can not be used to evaluate the actual three-dimensional capture 
zones o f production wells. Well head protection zone studies carried out by many 
researchers stress that including vertical components such as anisotropy, heterogeneities, 
partial penetration and leakage, are vital when modeling capture zones. [JavandeX and 
Tsang, 1987; Derouane and Dassargues\ Bair et aL, 1991; Bair & Roadcap, 1992; 
Akindunni et aL, 1995; Bair and Lahm, 1997]. Many studies o f the Missoula Aquifer 
indicate substantial heterogeneities in the vertical direction, in particular the presence of 
a large and sometimes discontinuous layer o f fine sand to silt and clay [Woessner, 1988, 
Miller \9 9 \, Stringer, 1992 Pracht, 1994, Morrow 2002 and La Pave, 2002.
Some parameters in existing Missoula Aquifer models require further refinement,
specifically aquifer recharge through Hellgate Canyon and from river leakage. The
model by Miller [1991], calculates input to the Missoula Aquifer through the Hellgate
Canyon based on a 90 ft thick aquifer. In contrast, Gestring [1994] interpreted a 140 ft
9
thick aquifer, based on geophysical and well log interpretations. The ground water flow 
model produced by Land & Water [2003] used depth to bedrock data for Hellgate 
Canyon from Nyquest’s [2001] work, which gives an aquifer thickness ranging from 80 
to 195 ft.
LaFave [2002] evaluated chlorofluorocarbon concentrations along with tritium, 
helium, deuterium and ratios in an attempt to evaluate sources o f water; his results 
indicate the groundwater is very young, less than 4.6 years. The young groundwater age 
indicates very rapid infiltration and transport. However, LaFave’s data sets gave 
conflicting results, suggesting additional analysis was needed.
All o f these studies indicate that the CFR is perched above the aquifer in the 
eastern portion o f the valley and that the river contributes substantial recharge to the 
Missoula Aquifer; however this input had not been quantified with direct measurements. 
The studies have either used model based mass balance equations or model calibration 
techniques to approximate the riverbed leakage [fVoessner 1988, Miller, 1991].
10
CHAPTER II 
METHODS
This chapter describes the field and data analysis methods for all investigations 
conducted during this study. This includes: geologic, groundwater occurrence and flow, 
aquifer property, streambed behavior, geochemical, groundwater budget, and modeling 
investigations.
Geologic Investigation
The geologic and hydrogeologic setting was characterized by performing a 
detailed review o f the literature, interpreting well driller’s logs, examining drill cuttings 
and drilling four new monitoring wells. Two wells were completed in Hellgate Canyon 
(HGS and HGD) (Figure 4) and two wells were drilled on either side of Madison St. 
Bridge (DHl and DH2) (see inset Figure 4). These wells were constructed with an air 
rotary drilling rig equipped with an eccentric (off-centered) bit. Environmental West 
Drilling Co. performed drilling and set these wells. Well cuttings were reviewed and 
logged during the drilling process. The two wells completed adjacent to Madison Street 
Bridge included the collection of split spoon samples reviewed every five feet. The 
Hellgate Canyon wells were sand-packed with 10+20 silica sand and screened with 20 ft 
filter packed 0.12 slot PVC screen. Well HGD was drilled to bedrock (247 ft) and then 
cased to a depth o f 172 ft. Well HGS was drilled and finished to 51 ft. The Madison 
Area wells were natural packed and screened with 0.040 slot screen. Well DHl was 
drilled and finished to 50 ft with 10 ft of 0.040 slot screen. Well DH2 was drilled and 
finished to 70 ft with 20 ft o f 0.040 slot screen (see well logs Appendix B). These well
11
logs along with 39 additional logs were used to create lithologie cross sections of the 
Missoula Aquifer utilizing Rock Works borehole software [Rock Ware Inc.^ 2004].
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Groundwater Occurrence and Flow
A network o f 29 wells was established along the river near production wells and 
extending down groundwater gradient on both the north and south side o f the CFR 
(Figure 4). Two production wells and five monitoring wells were instrumented with 
Solinst Levelogger© transducers, recording water level and temperature data on an hourly 
basis (Appendix C). Using an electric tape (Slope Indicator), water levels were measured 
manually on a bi-weekly basis, April 04 - August 04 and April 05 - June 05, and on a 
monthly basis September 04-March 05 (Appendix B).
Surface water stage measurements were collected at three sites along the CFR and 
at one site on Rattlesnake Creek (Figure 4). CFR stage monitoring sites included a staff 
gauge in Hellgate Canyon, a mini-stilling well fitted with a Solinst Levelogger below the 
walking bridge and a manual bridge-to-water measurement site at Orange St. Bridge. The 
Rattlesnake Creek stage was monitored with bridge-to-water measurements from a site 
on Railroad St. Bridge.
All water level monitoring sites and temperature recording sites not previously 
surveyed by the Water Quality District were surveyed in conjunction with this study by 
Land & Water Consulting Inc. This survey used the GPS real time kinematic method 
with the Missoula CORS as base providing corrections. The survey coordinate system is 
Montana State Plane NAD83 international feet; the vertical datum is NAVD 88 
(Appendix A). Elevations o f three additional wells D H l, DH2, & WM2 were determined 
from nearby surveyed elevations by differential leveling.
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Aquifer Properties
Aquifer properties were determined both through a search of the literature and 
through directly testing the aquifer. Aquifer characterization included peak lag time 
analysis, pumping tests, slug tests and sieve analyses. Hydraulic trends were also 
analyzed by carrying out a flow tube analysis.
Stage peak lag time analysis equations have been developed by researchers to 
utilize natural stresses in aquifer systems, such as flood pulses and monitoring well 
responses, to analyze aquifer properties. These include, methods developed by Finder, 
Bredehoeft and Cooper [Finder, et aL, 1969], and Ferris [Huntsmen & McCready^ 1995]. 
As the aquifer is disconnected from the river in the vicinity of this study (discussed in 
chapter 3), the analyses was used in reference to a water level rise in an up gradient well 
and the resulting propagation of the water level rise down gradient. In this case, a peak 
o f the water table at well P34 and the observed responses in well BLD and well S&B 
were evaluated (Figure 4) (Appendix E).
Three pumping tests were executed, pumping the Arthur St. well (P32) and 
monitoring both the Madison Street well (P34) and well MM4. Each test was run for 6 
hours, pumping at a rate o f 3500 gpm, water levels were recorded at 10 second intervals. 
The pumping tests were analyzed using the Stallman partial penetration[Zo/?/wa«,1979], 
the Boulton delayed yield [Lohman,\919\ and the Neuman partial penetration methods 
[Neuman 1974] (Appendix F). In addition, a three dimensional MODFLOW [Harbaugh 
and McDonald 1996] model o f the pumping test was created with Groundwater Vistas 
[Environmental Simulations, 2000]. This model was used to evaluate vertical exchange
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by calibrating observed drawdown in both shallow and deep monitoring wells with model 
responses (Appendix G).
Hydraulic conductivity o f the aquifer was estimated at six additional sites based 
on both solid and pneumatic slug tests. Pneumatic slug tests were completed at five sites 
utilizing a Geoprobe Pneumatic Slug Test Kit. A range o f initial head displacements 
were run at each site and never exceeding 13" [Geoprobe Systems, 2002]. One additional 
slug test was carried out utilizing a solid slug, (initial head displacement of 6”). The slug 
tests were analyzed with a high K Bouwer and Rice model [Butler and Garnett, 2000] 
(Appendix H).
In addition to the aquifer test results, a flow tube analysis was carried out to 
investigate hydraulic conductivity trends. A flow tube defines a three dimensional path 
within an aquifer that a package o f water flows through. Theoretically, once a flow tube 
is defined and a quantity o f water is determined to be passing through any given cross 
section, the same amount of water must pass through all other cross sections in the tube, 
plus or minus any sources or sinks. Two flow lines, the water table and the base of the 
aquifer define a flow tube. In cases where horizontal flow dominates, such as in the 
Missoula Aquifer, a flow plane, rather than the base of the aquifer can represent the lower 
boundary. Since the majority o f wells in this aquifer are screened at 100 ft below land 
surface or less, the interpreted potentiometric surface also pertains to this upper 100 ft. 
Therefore, the flow net analysis used a flow plane at a depth of approximately 100 ft as 
the lower boundary. Gradients and saturated thicknesses were determined from June 7, 
2005 conditions. Seven cross sections along the tube were examined. The length,
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saturated thickness and gradient o f each section were determined from the potentiometric 
map and calculations were made with Darcy’s law.
Sieve analyses were performed on three samples o f well cuttings collected during 
the drilling o f HGD, and on two samples from DH2. The samples were from finer 
grained layers not in the screened area. The cuttings were dried, weighed and run 
through USGS Sieves #2 - #170 (0.625-0.00035 inch). The contents o f each sieve were 
then weighed. The percent finer was determined and graphed. The graphs were then 
utilized to calculate the dio the deo and the uniformity coefficient (Cu). The graphs were 
further analyzed to determine hydraulic conductivity using the Breyer Equation [Kresic, 
1997], and the Hazen Method, [Fetter, 1994] (Appendix I).
Streambed Properties
Streambed property investigations performed in this study included vertical 
gradient measurements, temperature monitoring and modeling, stream discharge 
measurements, tracer tests and falling head tests.
The vertical hydraulic gradient within the streambed sediment was measured in 
the CFR at Hellgate Canyon and downstream in the Madison area. The gradient was 
measured at several depths by driving a 1” steel piezometer screened over a 1 inch 
interval to several depths. As each depth was reached, the piezometer was developed and 
then the head inside and outside o f the piezometer was measured. The gradient was 
calculated by dividing the head difference by the depth to perforated interval below the 
channel bed. In July o f 2005, a grid o f piezometers was installed in the CFR in Hellgate 
Canyon to determine the three dimensional head distribution in the riverbed. Figure 5
17
shows the setup o f the piezometer grid in the CFR. The grid included six 1” diameter 
steel piezometers screened over a 1 inch interval that were each driven to 3 equal depths 
below the stream surface.
3.5 feet
3 feet
piezometer 
depths
0  ft
1 ft 
1 . 5 f t -
2  f t -
Figure 5. piezometer grid.
1” diameter 
piezometer
River <
Fluxes through the streambed were computed using vertical temperature trends,
stream discharge measurements and tracer tests.
Temperature trends in the surface water and bed sediments were acquired by
instrumenting the CFR, Rattlesnake Creek and an irrigation ditch with vertical multi-level
temperature recording arrays. Two sites were instrumented in the CFR, one in
Rattlesnake Creek and one in the irrigation ditch (Figure 4). At each site a 1 % inch
diameter (Maass-Midwest) washer well point with 60 gauze screen, was driven by hand
into the riverbed to a depth o f three feet below the river surface. Temperature arrays were
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inserted into the well points. The arrays had temperature recording I-Buttons placed at 
one foot intervals with packers between each I-button site to impede mixing (Figure 6). 
Temperatures were recorded on an hourly basis May-July 2004 and again January-March 
2005 (Appendix J).
Teinpeiatiire 
recoi'diii.8 I-btittoii
Packers r  ■
Figure 6. Temperature array monitoring system (not to scale).
Multiple studies have employed thermal gradients to determine flux rates through 
river beds [Sillman^ 1995; Constantz, 1996 &1998; Ronan et al., 1998; Bartilino and 
Niswonger, 1999; Conant, 2003; Constantz et aL, 2003]. These studies collected 
temperature data in the streambed and then used modeling to approximate the flux of 
water through the streambed. In a losing stream, the diel surface water temperature 
fluctuations control the temperature trends at depth [Sillman, 1995]. Assuming one­
dimensional heat flow, the temperature trend at a discrete depth can be modeled ^vith 
reference to the temperature trend at the bed-river interface. A model can be fit to the 
degree to which the source temperature trend oscillations are dampened and to the phase
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shift observed in the riverbed sediment temperature trend [Stonestrom and Constantz, 
2003, Hsieh et. aL, 2000].
VS2DHI, a finite difference model, was utilized to model the temperature data 
(Figure 7). The calibration o f this model resulted in estimates for the hydraulic 
conductivities and flux through the streambed. Each site was modeled separately as a 
one dimensional system with water moving from the surface downward (Appendix K). 
The gradient was imposed by setting equal potential lines based on the gradient 
measurements that were taken at the same location.
10
15
I I Translent Boundary Heat and Flux into Model
(Boundary Represents River Temperature and Head)
No Flow Boundary 
I I Seepage Face
0 ^ 0  Constant Temperature and Zero Head Boundary 
(Boundary Represents Water Table)
•  Temperature Olsservation Point 
  Equipotendal Line
Figure 7. D iagram  o f  temperature model setup
Streambed fluxes also were calculated using stream discharge measurements. 
Discharge measurements were completed both in Rattlesnake Creek and the CFR in 
March and June 2005. Discharge measurements performed in the creek in March “low 
flow conditions” were carried out with a Sontek flow meter. Discharge measurements in 
the creek during high flow (June) and all o f the CFR measurements were collected
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utilizing a Sontek Acoustic Doppler Profiler [Sloat^ 2003]. In March, four transects were 
performed and in June, six transects were completed along the CFR, from above Hellgate 
Canyon to below the Madison Area (Figure 8). The flux through the streambed was 
calculated by subtracting the downstream discharge measurement from the upstream 
discharge measurement, then dividing the value by the length o f the gaged reach and by 
the average width o f the stream (Appendix L).
/
0 0.10.2 0.4 0.6 0
^  j
Miles <9
Figure 8. location o f  stream discharge cross sections
Finally, flux calculations were made from tracer tests. The tests were executed in 
the streambed in both Hellgate Canyon and the Madison area. The tests were conducted 
in piezometers driven into the streambed. At each site, piezometers were driven to a 
specified depth sealed from the surface water with riverbed fines and developed. To 
ensure a hydraulic connection between piezometers, an initial tracer o f Rhodiamine-WT 
dye was injected, while monitoring piezometers were intermittently pumped (Figure 9). 
Once hydraulic connection was determined, one liter o f a salt tracer with conductivity 
approximately 8 times that o f the background was injected. Consort data-logging 
conductivity meters were used to record the breakthrough curves in the two monitoring 
piezometers. The average vertical velocity was computed from the arrival peaks
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(Appendix M). Flux rates were determined by assuming a riverbed effective porosity of
20% [Clark, 1986] using the following equation:
q = vrie where: q = flux
V = average vertical velocity 
rie = effective porosity
Hydraulic conductivity for the riverbed sediment was computed as:
K=yJh.
i
where: AT—hydraulic conductivity in the vertical direction 
/^vertical gradient
Injection
Piezometer
Monitoring
Monitorin
U2ft
Figure 9. Tracer test setup
The horizontal hydraulic conductivity o f the streambed was also estimated at four
sites using falling head tests. A minimum o f three falling head tests were performed at
each site (Appendix N). A %” steel piezometer was installed in the stream bed and fitted
with a 2.5’ falling head cell, marked at 4” intervals (Figure 10). Time was recorded as the
water level dropped to each successive interval. The streambed falling head tests were
analyzed with the method described by Bower [1989] and Fetter [1994].
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Figure 10. Diagram  o f  falling head test setup
Geochemistry
Cook [2005] carried out a geochemical analysis in parallel with this study. She 
used isotopes and general chemical constituent analyses in an attempt to identify recharge 
sources and sources to production wells. She also focused on the behavior o f arsenic in 
surface water and groundwater. Cook’s study areas and sampling sites coincide with the 
sites o f this study. She used stable isotopes and along with major anions and both 
major and trace cations to determine recharge sources (Appendix O). The results o f her 
study indicate the waters o f  the CFR and the south-eastern Missoula Aquifer were 
predominantly the same with some précipitation-dissolution and sorption-desorption
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reactions occurring in the unsaturated zone. The groundwater on the north side o f the 
river had a different source or a mixing o f sources, including Rattlesnake Valley, 
Rattlesnake Creek and the CFR. The results o f her study were used as an aid in building 
the conceptual model and in constructing and calibrating the numerical model.
Ground Water Budget
A ground water budget equation was developed to assist in conceptualizing the 
Missoula Aquifer.
All sources o f recharge (INFLOW) and discharge (OUTFLOW) within the study region 
are considered.
INFLOW = OUTFLOW ± STORAGE 
Aquifer Recharge
The primary source o f recharge to the Missoula Aquifer is leakage from the Clark 
Fork River [Clark, 1986; Woessner, 1988; Miller, 1991]. As discussed above leakage 
rates for the CFR were determined with a variety o f techniques: temperature modeling, 
stream discharge measurements, tracer tests and finally, ground water modeling. Leakage 
from Rattlesnake Creek was also determined from stream discharge measurements.
Other sources o f recharge in the study region include underflow through Hellgate 
Canyon, Rattlesnake Creek Valley, and Pattee Canyon. The Underflow through Hellgate 
Canyon, Rattlesnake Creek and Patty Canyon were calculated using Darcy’s Law:
Q — I  'x̂ A
where; Q = Discharge
K = Hydraulic conductivity
24
I — Gradient
A= Cross sectional area o f aquifer
Additional sources o f recharge include: recharge from Mountain Water Company 
line loss reported for the 2004 -2005 year, recharge from storm drain injection, from the 
work o f Wogsland [1988], and recharge from Tertiary hills estimated similar to 
M iller’s[ 1991] work. The recharge from the Tertiary hills is calculated with Darcy’s Law 
using hydraulic property estimates made by Northern Engineering [1987].
INFLOW = CFR leakage + Rattlesnake Creek leakage + Hellgate Canyon
underflow + small drainage underflow +line loss + storm drain injection+ Tertiary
Hills
Aquifer Discharge
Within the study area, the dominant discharge is lateral flow down gradient and 
across the west site boundary. The aquifer has been shown to discharge to the CFR; 
however, this occurs east o f the study area boundary. The down gradient discharge was 
calculated with Darcy’s Law, using hydraulic conductivities determined by Miller [1991], 
and an approximate aquifer thickness. The hydraulic conductivities determined by Miller 
were from a pumping test executed at Mountain Water Company Well #7. This well is 
located in the vicinity o f  monitoring well POW (of this study) located in the east central 
portion o f the study area (Figure 4).
Discharge to Mountain Water Company production wells was available from 
detailed pumping schedules for all wells in the study area (Appendix P). Pumping for 
private domestic wells was determined from an average daily use per household.
OUTFLOW = lateral flow down gradient + well withdrawal
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The components o f recharge and discharge discussed above coupled with the 
geologic induced boundaries are used to create the conceptual model. March 15, 2005, 
data were used as steady state conditions since the water table had been stable for 2 
months. Under steady state conditions no changes occur in groundwater storage in the 
study area.
Modeling
As a final assimilation o f all field, lab and analytical analysis, a groundwater flow 
model was built and calibrated. The MODFLOW [Harbaugh & McDonald, 1984 &
1996] groundwater flow model was generated using Groundwater Vistas, [Environmental 
Simulations Inc., 2004]. Further analysis was carried out with particle tracking using 
Modpath [Pollock, 1994]. The ground water flow model is three dimensional and 
transient. Chapter four will thoroughly describe the model setup.
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CHAPTER III 
RESULTS OF DATA ANALYSIS
This section is organized similar to chapter two with the results o f each field 
procedure or analysis addressed separately.
Physical Boundaries Geology 
Drilling and well log analysis performed in this study suggest that the Missoula 
Aquifer consists o f three major, yet discontinuous units similar to the results of 
interpretations by Morgan [1986] and discussed in chapter two. In Hellgate Canyon and 
the Eastern Missoula Valley the “fine grained unit” lies at a lower elevation than 
previously reported (Figure 12). This cross section shows a 40 ft thick unit o f silty sand 
to fine sand lying at 105 ft below the surface in Hellgate Canyon. This unit seems to 
interfinger with silty sands, clays and gravels lying at approximately the same depth in 
the M adison area. The fine grained unit lying at 100 ft below the surface seems to thin 
and dissipate as it approaches the center of the Missoula Valley, apparent in both Figures 
12 and 13. Production wells are generally screened directly above or directly below this 
fine grained unit.
Another feature evident in these two cross sections is the presence o f what drillers 
describe as a thick clay & gravel unit lying from the surface to a depth o f 40-60 ft at the 
base o f Rattlesnake Valley. The shallowest deposits in the center o f the Missoula Valley, 
however, are predominantly gravels to silty sandy gravels. The concentration of the clay 
and gravel lithology below the mouth o f Rattlesnake Valley indicates that these deposits 
originated from the Rattlesnake Creek Valley. Further, the reported high clay content of
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this unit would suggest it may be a landslide or debris flow out o f Tertiary deposits in the 
Rattlesnake Mountains. Harris [1997] noted that considering the size of Rattlesnake 
Creek one would expect debris flows consisting o f Tertiary deposits similar to those 
observed in lower Grant Creek; however, no surface evidence of these sorts o f deposits 
were observed in his study.
The drilling o f well HGD in Hellgate Canyon determined a depth to bedrock of 
247 fit (Appendix B). This is 65-180 ft deeper than past depth to bedrock reports, derived 
from gravity anomalies [Nyquest, 2001, & Hermes, 2002]. Lying above bedrock is 
nearly 100 ft o f sand to boulder size clasts, with boulders up to 3 ft in diameter (based on 
well cuttings). Many wells drilled to “bedrock” in the past have drilled only 2 ft in what 
has been interpreted to be bedrock. Since gravity surveys rely on density contrasts and 
have been calibrated to some “known depths” (drillers logs), it seems feasible that these 
depth to bedrock models in the Hellgate Canyon were actually determining depth to a 
very coarse grained layer, located above the actual bedrock surface.
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Occurrence of Groundwater
The main goal o f  the water level monitoring was to record temporal water level 
changes and to develop potentiometric maps. Water level monitoring via levelloggers 
was used both to examine seasonal water table changes and to interpret the effects o f 
recharge and hydraulic boundaries. Appendix D contains interpreted potentiometric 
maps for M ay 2004 through June 2005. Potentiometric maps for August and December 
2004, Figures 14-15.
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The error associated with the water levels was summed from the following errors: 
Well survey elevations ± 0.0656 f t
Water level measurements ± 0.01 f t
Interpolation with respect to time ± 0.20 f t
Total Error ± 0.2756 f t
Error in well survey elevations is the error reported by surveyor (see Appendix A). The
error in water level measurements is the error estimated in reading the electric tape ruled
at every 0.01ft. Finally, the time interpolation error is the error introduced by assuming 
water level measurements taken over 1-2 days represents a single time. Therefore the 
manually measured water levels are accurate to within 0.28 ft.
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Figure 14 Potentiometric map August 2004  (1: 56 ,100).
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Figure 15 Potentiometric map December 2004 (1: 56,100).
The primary east to west flow direction indicated by the potentiometric maps 
agrees with previous work [C/ar^, 1986; PFoess/7er, 1988; Miller, 1991]. The maps also 
indicate that the CFR is losing water and acting as a hydraulic divide, with groundwater 
on the south side o f the river flowing to the southwest and groundwater on the north side 
o f the river flowing to the northwest However, based on available well locations, it 
appears the hydraulic divide is eliminated in the vicinity o f Rattlesnake Creek’s 
confluence with the CFR. The larger scale (1:17,200) potentiometric surface maps o f the 
area south o f Rattlesnake Creek (Figure 16-18) show a groundwater high just south of the 
river causing a flow regime towards and along the river. Therefore, in this area, the north 
and south side o f the river do not appear hydraulically divided
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Figure 16. Close up potentiometric map December 2004 (1:17,200).
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Figure 17. Close up potentiometric map A pril, 2005 (1:17,200).
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Figure 18. Close up potentiometric map June 2005 (1:17,200).
Further, evidence that the north and south sides o f the river in this area are 
hydraulically connected was revealed in the hydrograph o f D H l, a 50 ft well located just 
north o f the Clark Fork River, and the hydrograph o f DH2, a 70 ft well located just south 
o f the Clark Fork River (Figure 19). Both o f these wells show a series o f drawdown 
curves on the same cycle. The cycle is the six hour on and off cycle o f production well 
P32 also located on the south side o f the river. Figure 20 compares this pattern to another 
well (P30) on the north side approximately 1500 ft down stream o f well D H l. Well P30 
also has a pattern o f  drawdown curves though they do not correlate with the drawdown 
curves o f  well D H l. Figure 20 also shows that as water levels rise through late May, 
there is little to no drawdown from pumping o f well P32.
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Figure 19. Hydrographs showing that pumping water on the south side o f  the river influences both the 
north and south sides o f  the river.
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Figure 20 Hydrograph showing the decreased impact due to pumping as the water table rises in late 
M ay.
W ater level data and hydro graphs o f each well in the network are in Appendix B. 
Hydrographs and thermographs were also developed from the Levelogger hourly data 
(Appendix C). Figure 21, a hydro graph developed from Levelogger data from several 
sites in the eastern end o f Missoula Valley, shows the general trend for the 2004-2005
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water year. W ater levels in both the river and the ground water rise April through early 
June. This rise is followed by a decline that stabilizes in late December through March, 
followed by a late spring rise. The substantial peak in river stage in mid January is 
associated with the river freezing and the stream gauge responding to confined 
conditions.
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Figure 21. Hydrographs o f  water levels near the river and river stage A pril 2004 -  June 2005. P30 and P34  
are production wells; the vertical lines extending down from  the hydrograph trend indicate pumping 
induced drawdown.
Time delay between peaks in river stage and peaks in the water table at different 
locations within the aquifer can be determined with these hourly data. As the CFR is not 
connected to the aquifer in the study area (discussed in following sections), the delay 
times associated with the wells close to the river represent the approximate time for water 
to percolate through the unsaturated zone. The delay times for wells further away
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represent the responsiveness o f the aquifer to changes in the water table position near the 
river. Table 1 lists the delay times and the distance from the river to each well. Figure 
22 is a hydrograph from June 2005 showing water level peaks and associated delay times.
Table 1 Peak Delay Data
Site Time o f Peak Time Delay Distance from 
River
River 6/4 @ 14:00pm 0 0
Well DHl 6/8 @ 7:00am 3 days 17 hours 75 f t
Well P34 6/8 @ 10:00am 3 days 20 hours 300 f t
Well BLD 6/14 @ 16:00 pm 10 days 2 hours 4000 f t
Well S&B 6/15 @ 4:00am 10 days 14 
hours
7600 f t
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Figure 22 Hydrographs showing peak delays.
Aquifer Properties
Knowledge o f aquifer properties, in particular the spatial distribution of hydraulic 
conductivity, is vital to the development o f a groundwater flow model and capture zone 
analysis. Aquifer properties were obtained both from past records and by the application 
o f  several techniques that included peak lag time analysis, pumping tests, slug tests, flow 
tube analysis and sieve analysis. Table 2 summarizes aquifer properties determined by 
many researchers.
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Study/ Report W ell Area
H orizontal
H ydraulic
Conductivity
ft/day
Vertical
H ydraulic
Conductivity
ft/day
aquifer 
thickness ft
Transmissivity
ft^/day
Source/ Method o f  
determining
Specific
c a p a c i ty
Storage
Capacity
specific
Yield
Davis RLK
Hydro,
2005
Main
Hall
injection
well
M ain Hall 
U niversit 
y W ell 263 45
pumping test 
analyzed with 
Dagan’s partially 
penetrating type B 
curve 35
Gestring, 1994 HG-33
East
M issoula 9012 97 877824
1994 pumping test/ 
Aquesolve 0.2664
Stringer, 1992 MR-5
Railroad 
& W oody 519 70? 36,364
Kennedy Jenks /Chilton 
Aquifer Test 1990
0.04-
0.22
Stringer. 1992 MR-1
Railroad
& W ashingto
14 70? 957 1991 pumping Tests
0.07-
0.0074
Miller, 1991
MWC 34 
pumped 
MWC 32 
obs
M aurice St. 
by M adison  
Bridge 6150 43 70
400.000
450.000
aquifer pumping test 
Boulton Stallman .246
Miller, 1991
MWC7 
pumped 
MV31 obs
M ount &  
Russel] 9,700 85
750,000-
1,000,000
aquifer pumping test 
Boulton Stallman
.0 0 8 -
.33
Miller, 1991 MWC 3 South Ave 18,000 2,700 45 14,400-21,600 Theis curve matching .007-47
Armstrong,
1991
for fine 
grained 
Layer 900
literature value for silty 
sandy gravel
W oessner,
1988
for fine 
grained 
Layer 27
tranmissibility 
calculated fi-om specific 
capacity measurements
W oessner,
1988
A verage 
values for 
unit 3 1377-3409 130-281
Permeameter tests and 
Using partial 
penetration correction 
and Jacobs graphic 
solution
Clark, 1986 MW C3a
W ashington
school 4666 51
Using Jacobs graphic 
solution & partial 
penetration correction to 
calculate ftom specific  
capacity
Clark, 1986 MWC 19
Russel & 
D efoe 1939 61
Clark, 1986 MW C25
SE o f  Russel 
e iem entry 227 47
Clark, 1986 M W C30
P attee S t near 
H oliday Inn 949 67
Clark, 1986 MWC31 K iw anis Park 4238 29
Clark, 1986 MW C32
A rthur St.by
M adison
B ridge 15,160 86
Clark, 1986 M W C34
M aurice S t  
by M adison 
Bridge 9144 63
Clark, 1986
Sediment
sample 1386 Permeameter test 0.115
Sendler, 1986
w ells in 
R attlesnake 10.3-11 85 6500-7500
tranmissibility 
calculated from specific 
capacity measurements
M cM urtrey  
et al., 1965
T13 R19
S21cd
6 th  & 
M arshall 149 11,898 „ 60
M cM urtrey  
et al., 1965
T13 R19
S28dc
H ollis &
Sussex 82 6,551 .. 33
McMurtrey et 
al., 1965
T13 R 1 9 S  
33ba
Sentinel 
H igh school 495 39,572 200
McMurtrey et 
al., 1965
T13 R 1 9 S  
32bb
South & 
R eserve 37 2,941 " " 15
McMurtrey 
et al., 1965
T13 R 19 S 
29da
M ount & 
Russell 112 8,957 ri It 45
McMurtrey et 
al,. 1965
T13 R 1 9 S  
27bc
Hilda 
betw een 
Evans & 
Beckw ith
551 44,118 " "
2251036 82,888 pumping test
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A histogram o f the reported hydraulic conductivities was developed (Figure 23). 
The histogram shows a bimodal pattern. Many o f the lower conductivity values 
represented are for wells near the valley margins, whereas the large conductivity values 
are found in the center o f the study area.
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Figure 23 Histogram o f  reported hydraulic conductivity occurrences in the Missoula Aquifer n=25.
Peak Delay Analysis
As stated above the peak delay times give an estimate of how quickly an aquifer 
can transmit water. Aquifer properties can be derived from the peak delay times using 
equations by Finder et al.[ 1969], and Ferris [Huntsmen and McCready, 1995]. The 
equations require prior knowledge o f aquifer thickness and storativity to calculate 
hydraulic conductivity. A range o f hydraulic conductivity values were calculated with 
each method using storativity values ranging from 0.15 to 0.25 (Appendix E). In 
general, the results o f this analysis (Table 3) indicate aquifer hydraulic conductivity 
increases from the river to the southwest near well S&B (see location map Figure 4.).
Table 3. results o f  peak delay ana ysis using an average aquifer thickness o f  80 ft and storativity 0.15-0.25.
Analysis Method P34-BLD K (ft/day) P 34 to S & B  K (ft/day) BLD to S&B (ft/day)
Pinder Bredehoeft Cooper Method 4,200-7,000 6,600-11,000 32,800-54,700
Ferris Method 740-1230 1,800-3,000 65,300-108,800
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Pumping Tests
The results o f the analyses o f pumping tests executed at well P32 are displayed in 
Table 4. Data and calculations are in appendix F. Each analysis method used was 
designed for unconfined aquifer conditions. The Stallman method was applied to take 
into account partial penetration o f the aquifer by both the pumping and the observation 
well. The Boulton method was applied to take into account the delayed drainage from 
storage. The Newman method was applied because it takes into account both partial 
penetration and delayed yield. The values calculated for hydraulic conductivity varied 
depending on the analysis used. The average value calculated for horizontal hydraulic 
conductivity was 7,400 ft/day.
When attempts were made to calculate the conductivity based on the drawdown 
observed at the shallow well MM4, much higher conductivity values were computed.
This is because MM4 is located closer to the pumping well than P34 is and there was less 
drawdown at the shallow well MM4 then there was at the deep well P34. The reduced 
drawdown closer to the pumping well indicated substantial vertical heterogeneities were 
controlling the system. To examine this more intently, a small generic three layer model 
o f the pumping test was carried out (Appendix G) \Anderson & Woessner, 1992]. It was 
set up with three layers to appropriately represent the three different intervals screened. 
The best fit results o f the modeling analysis indicate that the layer in which P34 is 
screened in has a horizontal hydraulic conductivity o f 20,000 ft/day and vertical 
hydraulic conductivity o f 32 ft/day. The results for the layer in which MM4 is screened 
yield a horizontal hydraulic conductivity o f 12,000 ft/ day with a vertical hydraulic 
conductivity o f 32 ft/day. Finally, the results for the layer in which P32 is screened gave
41
a horizontal hydraulic conductivity o f 6,000 ft/ day with a vertical hydraulic conductivity 
o f 32 ft/day.
Table 4 Results o f  pumping test analysis using observations at well P34.
Method
Horizontal
Hydraulic
Conductivity
ft/day
Vertical
Hydraulic
Conductivity
ft/day
Aquifer
Thickness
ft
Transmissivity
ftVday Storativity
Specific
Yield Anisotropy
Stallman plate 7D 8,900 0.9 80 711,200 0.0018 10,000
Neuman Method 8,000 13 80 639,200 0.00102 0.1 540
Boulton delayed yield 3,600 80 240,800 0.142
Slug Tests
In general, slug test results appeared to yield lower values compared to previously 
reported values and also to the results from both the peak delay and pumping tests. The 
lower values could be due both to poorly developed wells and to well design (screen open 
area controlling the flow instead of the aquifer materials). Appendix H displays data and 
calculations for each slug test; Table 5 presents the results including screen type, depth of 
test and anisotropy. The analytical method used for analysis required an estimate of 
anisotropy, in all cases 1:10 anisotropy was used except for in the analysis o f well D H l, 
where anisotropy o f 1:100 was used. Well DH l is in the vicinity o f wells P34 and P32, 
pumping tests at these wells by both Miller [1991] and this work indicate substantial 
anisotropy on the order o f 1:100. Figure 24 assimilates all hydraulic conductivity 
calculations into map view. Since the wells tested are not fully penetrating, the 
calculated conductivity applies to the specified subsurface elevations in parentheses.
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able 5 Results o f slug test analysis
Well
Name Test
# of tests 
averaged
Screened
Interval Screen
Elevation 
of screened 
interval
Determined 
Kh ft/day
Kh/K
z
used
ARC Pneumatic Slug Test 4 80-95 mills knife 3109-3124 6600 10
D H l Pneumatic Slug Test 3 40-50 0.04 3144-3154 130 100
S&B Pneumatic Slug Test 3 60-70 0.06 3123-3133 2700 10
D & D Pneumatic Slug Test 4 99-109 0.02 3092-3102 800 10
HGD Pneumatic Slug Test 3 152-172 0.12 c/ filter pack 3032-3052 4500 10
BLD Solid Slug Test 7 113-118 0.02 3087-3097 1600 10
6570
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Figure 24 A erial distribution o f  hydraulic conductivity in ft/day. Underlined values are pneumatic slug test 
results, Ita lic  value is pumping test results, and shaded values are peak delay results.
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Flow  T u be A nalysis
The flow tube analysis carried out to investigate hydraulic conductivity trends 
revealed increasing hydraulic conductivity directly down gradient o f the mouth of 
Hellgate Canyon. This is followed by a decreased hydraulic conductivity and then 
another increase in hydraulic conductivity. Figure 25 below demonstrates how the 
calculations were made and presents the results. A hydraulic conductivity o f 13,250 
ft/day was assigned to cross section #1 resulting in a calculated flux of 1,868,000 ft^. A 
reach o f CFR is crossed between cross sections #1 and #2, thus the estimated leakage 
from the river in this stretch was added to the flux through cross section # 1 (see the 
following section on river leakage). This total flux o f 3,790,000 ft  ̂was then used to 
determine the required hydraulic conductivities o f the six subsequent cross sections.
V
,  ̂ L e g e n d
Suftâce Waief Stago 
». Prp̂ ucüon WWI
800'
75
i = 0.0024 using an average K= 13.250 
yeilds O = 1.868,000 «3
An additional 1,920,000 from 1.180 linear ft of 
river yeilds a flux of 3,790,000 ft* that must pass 
through the flow tube.
1070'
70
' I = 0.0024 K = 21,500
2 1 0 0 ' 65
I = 0.00351 K= 7.900
3175' 60
I = 0.0043 K= 4.600
3800' 55
i = 0.0053 K= 3.450
4250' Urn
I = 0.002 K= 9,000
Figure 25. F low  tube analysis, K  values in ft/day.
i = 0.0013
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5250'
K= 12.150
Sieve Analysis
The sieve analysis was carried out in an attempt to determine the conductivity of 
the thick package o f fine grained sediments in Hellgate Canyon lying from 103 to 148 ft. 
The hydraulic conductivity o f these sediments estimated with both the Hazen Method 
[Fetter, 1994] and the Breyer Equation [Kresic, 1997], ranged from 5.6 to 19.7 ft/day 
(Appendix I).
Streambed Properties
Past studies have concluded the aquifer is principally recharged by the CFR; 
however, since Clark’s [1986] attempts to physically gauge river discharge and compute 
river leakage, no additional physical measurements have been attempted. The results of 
the streambed characterization methods used in this work all indicate that the CFR to be 
losing water to the aquifer in the study area.
Vertical Gradients
The results o f the vertical gradient measurements indicate the CFR is a losing
stream in the study area. The gradient was negative at all measurement sites and it was
less than negative one at several sites (Table 6). The investigation with the piezometers
further revealed an unsaturated zone under the river, indicating that the Clark Fork River
is indeed perched. The saturated zone beneath the riverbed in Hellgate Canyon was 2.9 ft
thick near its north bank and near its southern bank in the Madison area, it was 1.3 ft
thick. Utilizing water table elevation measurements for these same dates, (July 13,
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2004), the unsaturated wedge in Hellgate Canyon was 5 ft thick and 17 ft thick in the 
Madison area. Determination o f the variance in the thickness o f the streambed saturated 
zone was limited by the ability to hand install instruments at greater water depths. The 
saturated zone thickness in deeper portions o f the channel was not obtained.
Table 6. Results o f  vertical gradient measurements (see Figure 4 for locations)
Date Site
Distance to 
Shore (ft)
Depth o f  river 
water f f t l
Depth below  
streambed tftl Vertical gradient
I
s
Hellgate canyon 
1 ft south o f  
temperature array 
A
7 0.36
0.99
1.27
1.75
2.18
2.59
2.86
-1.29
-0.99
-0.61
-0.20
-0.81
Unsaturated
0.53 -0.43
s Hellgate Canyon 1.05 -0.38o 30 ft east o fCi 6 0.74 1 52 -0 53m temperature array
A 1.83 -0.41
2.14 -0.38
0.21 -0.10
oo Madison area 15 ft 0.44 -0.27
Cim east o f  temperature 4 1.1 0.65 -0.83
array B 1 -1.47
1.32 Unsaturated
0.22 -1.73
oo Madison area 15 ft 0.6 -2.63CN east o f  temperature 9.5 1.8
CZ array B 1 -0.56
1.35 Unsaturated
The grid o f piezometers installed in the CFR in Hellgate Canyon to determine the 
three dimensional streambed flow direction also indicated strong downward flow (Figure 
5 in methods section). The flow direction was determined to be predominantly 
downward and slightly shoreward. Figure 26 delineates the three dimensional 
potentiometric surfaces.
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1 ft below surface below surface
■“  0.45 
0.31
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1 ft  —
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Groundwater 
flow line
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Figure 26. Three dimensional potentiometric surfaces beneath the CFR, Hellgate Canyon area, indicating 
flo w  is dominantly directly downward w ith a slight shoreward flow.
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Temperature Data and Modeling Results
The temperature trend at each riverbed sampling point follows the surface water 
temperature trend indicating that the river is losing at all instrumented sites. The bed 
sediment groundwater signal shows a dampened amplitude and a phase delay; these 
properties increase with increasing depth (Figure 27). Appendix J contains all 
temperature data collected during this study. The modeling results utilizing late summer 
2004 data suggest the riverbed in Hellgate Canyon has a vertical hydraulic conductivity 
of 4.2 ft/day, and a flux of 4 ft^/d per ft  ̂o f riverbed. Modeling the river bed temperature 
trend in the Madison Area resulted in a vertical hydraulic conductivity o f 5.5 ft/day, and a 
flux o f 8.1 ft^/d per ft^of riverbed. In Rattlesnake Creek, the area instrumented appeared 
to be leaking water so rapidly that the time delays were not distinguishable in the upper 
three feet o f channel bed instrumented. Appendix K presents temperature data, the 
modeling setup and sensitivity.
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Sti'eainbed Temperatiu-e End of Jime in Hellgate Canyon
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Figure 27. Temperature data from array A  located in Hellgate Canyon approximately 10ft from the 
northern shore.
Stream Discharge Results
Stream discharge measurements with the SonTek Acoustic Dopplar Profiler 
provided a flux through the cross section along with profiles (Table 7) (Appendix L). 
Most discharge measurements also indicate the river is losing water to the aquifer 
throughout most o f the study area, although the measurements done in March 2005 
through Hellgate Canyon indicated the river was gaining flow. These latter data were 
rejected because the height of the water table compared to the height of the river during 
this period made this situation impossible; during the time of discharge measurements the 
water table was 14ft below the stage o f the river in Hellgate Canyon; even 2000 ft 
upstream the water table was still more than 7 ft below the Hellgate Canyon river stage.
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L O C A T IO N
uses
Stream
Gauge
Easy
Street
Hellgate
Park MAC
Madison
Bridge
(above)
Higgins
Bridge
Rattlesnake
Upstream
Rattlesnake 
downstream 
(Inlet to CFR)
Irrigation 
Ditch (outlet 
from CFR)
March 15, 05 site # Site 1 Site 2 Site 3 Site 4
Discharge 1340 1450 1450 1400 83 69
Standard deviation 23.0 37.7 51.4 25.5 3.5 3
W idth 161 210 95 249 37 23
June 15, 05 Site # Gauge Site 1 Site 2 Site 3
Site 4
(below)
Rattlesnake
Upstream
Rattlesnake
inlet Irrigation
Discharge 6530 6440 6450 6430 6540 313 298 34
Standard deviation 58.8 72.3 65.4 61.8 86.6 11.6 2.0 1.1
Width 220 234 187 208 212 50 62 21
In the Madison area, the river discharge measurements from March 2005 indicate 
the river leakage at approximately 9.7 ft^/day per square foot o f river bed. The error in 
measurements gives the range from 6 to i3.4 ft^/day (Figure 28). Discharge 
measurements done in June 2005 had greater error than the March measurements. The 
June measurements suggest a leakage rate in Hellgate Canyon o f 2.8 ft^/day per square 
foot o f river bed. Yet there is a 119% error associated with this value, so the rate could 
be anywhere from 0.54 to 6.15 ft^/day. June discharge measurements in the Madison 
area reveal a leakage rate o f approximately 14.4 ftVday square foot o f river bed. Again 
there is a large error associated with this value (98%) allowing the rate to range from 0.21 
to 28.59 ft^/day (Figure29).
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1450
1400
1350
♦  MAC plvis Rattlesnake ■  Higgiixs St. Bridge
Figure 28. M arch 2005, Stream discharge at specified locations and associated loss between sites (see 
figure 8 for locations). The difference between these two sites represents the amount o f  water lost to the 
aquifer. Leakage rates were determined from the calculated average loss along with the length o f  river 
between sites and the average width o f the river.
6SOO
Hellgate Canyon Ave
Loss
151
cfs
6 6 5 0 Min
Loss
6 6 0 0w%
1 6 5 5 0
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Ave
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101
6 5 0 0
Missoula Valley6 4 5 0
Mui
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6 400
•  Matlison plus Iiiigation▲ RL4C plus Rattlesnake
Figure 29. June 2005 Stream discharge and associated loss (see figure 8 for locations). The much larger 
error bars on the June discharge measurements give a large range in calculated loss. Note the 240 cfs range 
o f loss in Hellgate Canyon.
Tracer Test Results
Analysis o f the breakthrough curves from the tracer tests conducted in July 2005 
also indicated the river to be losing water. In Hellgate Canyon the tracer test indicated a 
downward velocity o f 9.5 ft per day. Using Clark’s [1986] measured porosity o f 20%,
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this yields a vertical hydraulic conductivity o f 3.0 ft/day and a flux of 1.9 ft^/day per 
square foot o f riverbed. In the Madison area, the tracer test indicated a downward 
velocity o f 48.2 ft/day. Again assuming a 20% porosity, this is a vertical hydraulic 
conductivity o f 9.5 ft/day and a flux of 9.6 ft^/day per square foot o f riverbed. Data and 
calculations are in appendix N.
Combining all riverbed leakage estimates together reveals that the leakage in 
Hellgate Canyon is less than 50% o f the leakage that occurs in the Madison Area. Table 
8 lists the approximate values for leakage determined from each of the methods described 
above.
Table 8 River bed leakage determined from each method
A re a /D a te Analysis D eterm ined V e rtic a l F lux
Madison Area July 2004 Temperature 8.1 f f ’/day per sq ft o f  riverbed
Madison Area M arch 2005 Stream Discharge 9.7 ft^/day per sq ft o f  riverbed
Madison Area June 2005 Stream Discharge 14.4 ft^/day per sq ft o f  riverbed
Madison Area July 2005 Tracer 9.6 ft^/day per sq ft o f  riverbed
Hellgate Canyon July 2004 Temperature 4 ftVday per sq ft o f riverbed
Hellgate Canyon June 2005 Stream Discharge 2.8 ftVday per sq ft o f  riverbed
Hellgate Canyon July 2005 Tracer 1.9 ft^/day per sq ft o f  riverbed
Falling H ead Test Results
The results o f the horizontal hydraulic conductivities from streambed falling head 
measurements are displayed in Table 9. Data and calculations for the streambed 
horizontal hydraulic conductivity are in appendix O. These data show conductivities in 
Hellgate Canyon to be substantially less than conductivities in the Madison area.
Table 9 Horizontal hydraulic conductivities o f  the streambed determined from fa
S tream  Bed Location Test
# o f 
tests
Screened 
In te rv a l below  
stream bed
Kh
(ft/day)
Qv (ft/day) 
using 1:10
KhiKy
Qv (ft/day) 
using 1:100
KhiKy
Rattlesnake near temp array D Falling Head 5 0.60-0.73 586 61 6
Madison near temp A rray B Falling Head 5 0.74-0.87 918 111 11
Hellgate near temp A rray A Falling Head 5 0.82-0.95 74 2.6 0.3
Hellgate near temp A rray E Falling Head 3 0.96-1.09 110 5 0.5
Hellgate 30ft east o f  Array A Pneumatic Slug 1 1.52-1.69 70 3.6 0.4
ling head tests.
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Conceptual Model
The components o f recharge and discharge, coupled with geologic information, 
provided the frame work o f my conceptual model. Figure 30 displays the aerial extent of 
the conceptual model. Boundaries in the model are Mt Jumbo and Mt. Sentinel providing 
no flow, the constant flux Tertiary hills, and three boundaries based on measured head 
values. The main contributions to the aquifer are leakage along the CFR and underflow 
through Hellgate Canyon. The streambed analyses indicate lower leakage rates in the 
Hellgate Canyon so the model represents the CFR as two reaches. Figure 31 displays the 
three dimensional generalized conceptualized model. The actual hydraulic conductivity 
distribution is not divided by flat planes. This figure does however suggest general 
trends apparent in the geology and in aquifer testing. For instance, the most conductive 
portions o f the aquifer tend to lie between 50 and 100 ft below the surface.
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Conceptual Model Extent
Rtxer Hellgate Reach
I River Mlssotia Vattey Reach
I River RaWeenake Reach |
Recharge
Tertiary
No F
\
No Flow 
Belt Ro^ks
Recharge from 
Patty Creek
R echarge from 
TertiaiY Hitts
'igure 30 Aerial v iew  o f  the conceptual model o f  the Missoula Aquifer.
16.000
No Flow
Silt Sand & Clav K  50-800 ft da;
Sand clav & a  â  els K 800-"000 ft clav
Sand & sa ai els L  000-10000 ft day
Cii.T el.s; & sands K 10.000-20.lt00 ft dav
Figure 31 Three dimensional generalized conceptual model o f  the Missoula Aquifer.
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Groundwater Budget
In this section, each component o f the groundwater budget along with its contribution 
and associated error is estimated. All components are calculated over a 1 year period 
based on the model extent defined by Figure 30.
R E C H A R G E
Source
Average
daily
ft3/day
Estimated
Value
acre-ft/yr
Possible
Error
Range o f Values 
acre-ft/yr
Percent
Contribution
Leakage from  C lark Fork River 
along 5.2 mi
3.9E+07
329,270 54% 1 4 8 ,30 0 -510 ,200 83%
Leakage from Rattlesnake Creek 
along .47 mi
I . I3 E  +06
9,500 56% 4,200-14,800 2.4%
U nderflow  from Hellgate Canyon 5.68E+06 47,600 33% 32,000-64,000 12%
Recharge from M t. W ater 
Company Line Loss
7.6E+05
6,390 22% 4,930-7,840 1.6%
U nderflow  from Rattlesnake 
V alley
2 .4 IE + 0 5 2,020 42% 1,180-2,870 0.5%
Recharge from Adjacent Tertiary  
Hills
I.54E + 0 5 1,277 60% 510-2,040 0.3%
In flow  from Pattee Creek Drainage 5 .8 E + 0 4 490 60% 200-900 0.1%
Recharge from Precipitation 2.4 E +04 200 20% 162-240 0.1 %
T O T A L 396,700
D IS C H A R G E
Source
Down gradient lateral flow 3.64E+07 304,800 20% 243,8-365,800 94%
W ithdrawal from Mountain W ater 
Company W ells
2.20E+06 18,500 5% 17,540-19,390 6%
T O T A L 323,300
Clark Fork River & Rattlesnake Creek Recharge
The leakage from the CFR was estimated from the stream gaging measurements. 
As there seemed to be a distinct difference between the leakage rates through Hellgate 
Canyon compared to downstream in the Missoula Valley, each o f these sections was 
addressed separately. The minimum and maximum leakage rate for each section was 
extrapolated along the distance in the model. This distance was 6400 ft through Hellgate 
Canyon and 20,800 ft from the canyon through the valley. The leakage rate measured in 
March was extrapolated throughout ten months of the year, while the leakage rate
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measured in June was extrapolated over two months o f the year. The minimums o f each 
section and time period were summed and the maximums were summed, resulting in the 
148,300 to 510,200 acre-fL/year leakage rate.
Leakage from Rattlesnake Creek was extrapolated from the stream gaging 
measurements along 0.47 miles. Similar to CFR estimates, the leakage rate measured in 
March was extrapolated throughout ten months o f the year, while the leakage rate 
measured in June was extrapolated over two months of the year. The minimums and 
maximums o f each time period were summed resulting in the 4,159-14,808 acre-ft/year 
leakage rate.
Hellgate Canyon Underflow
The underflow from Hellgate Canyon was based on calculations from Darcy’s 
Law. The cross sectional area was based on the 222 ft saturated thickness o f the aquifer, 
determined from drilling well HGD appendix B, and by extending the 60° slope of the 
valley walls down to the base o f the aquifer. The hydraulic conductivity was estimated 
from 4500-9000 ft/day based on slug tests at well HGD, ARC (Appendix H), and 
Gestring’s [1994] up gradient pumping test. Using the hydraulic gradient of 0.0026, 
approximate cross sectional area o f 319,000 ft  ̂and K range, the underflow is 32,000-
64,000 acre-ft/vear. Gestring estimated underflow through Hellgate Canyon ranging from 
31,670-63,350; his numerical flow model calibrated to an underflow of 50,840 acre-ft/vr.
The lateral flow into Hellgate Canyon was also estimated by determining the flow 
out o f  Bandman Flats area (to the east see site location map Figure 1), located upstream 
o f Hellgate Canyon. All groundwater flowing through Bandman Flats must subsequently 
flow through Hellgate Canyon. This flux was estimated from a variety of techniques.
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Brick’s [2003] model o f the Milltown Dam Reservoir calculated a down gradient outflow 
through Bandman Flats o f 4,600,000 ft^/day. Adding this value to the estimated river 
leakage that occurs between the western end o f Brick’s Model and the eastern end o f this 
study (126 ft/day, based on discharge measurements at two locations in this stretch), 
yields 35,193 acre-ft/vr. The flow through Bandman Flats was also calculated with 
Darcy’s equation. The area was calculated with a cross sectional length of 5500 ft and an 
average saturated thickness o f 75 ft, based on Nyquest’s [2001] depth to bedrock work. 
The gradient in this area was estimated from Gestring’s [1994] Potentiometreic maps, to 
be 0.0024. Hydraulic conductivity estimates for the Bandman Flats area include the 
values from the calibrated models o f Brick and Gestring, 7500 ft/day and 5250 ft/day, 
respectively. These hydraulic conductivities resulted in an annual flux of 62,215 acre-ff 
and 43,551 acre-ft, respectively. The values determined in this study for flow through 
Hellgate Canyon do bracket the values determined to flow through Bandman Flats, 
Therefore, the range o f contribution from 32,000-64,000 acre-ft/yr appears reasonable.
M t Water Company Line Loss
The reported line loss in the study area from Mountain Water Company wells is 
estimated at 4.4 million to 7 million gallons per day (4,930-7,840 acre-ft/yr) {Shindler, 
personal communication 2005].
Pattee Creek Inflow
This value was calculated with Darcy’s law. The estimates for hydraulic 
conductivity were made from specific capacity measurements (35 ft/ day). The estimates 
for the gradient were made from GWIC reported static water levels at the base of Pattee
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Canyon (0.009). A 3340 ft linear cross section with an aquifer thickness of 55 ft 
(determined from well logs) at the mouth o f Pattee Canyon was used for the cross 
sectional area. Using these estimates; an annual flux o f 486 acre-ft was determined to 
come from Pattee Canyon Underflow.
Rattlesnake Creek Underflow
The underflow from Rattlesnake Valley was also based on calculations with 
Darcy’s Law. With a cross sectional area o f 180,000 ft^, a gradient o f 0.019 and a 
conductivity ranging from 41 to 100 ft/day (based on Theim equation calculations from 
well records), the contribution ranges from 1175-2866 acre-ft/year.
Tertiary Hills Recharge
The contribution from the Tertiary sediments that form the hills bounding a 
portion o f the valley on the north and south was computed as described by Miller [1991]. 
Data from Northern Engineering’s [1987] hydraulic investigations of the Browning Ferris 
Landfill was used to calculate this contribution. The length of the boundary included both 
the south east face o f Waterworks Hill and a portion of the northern face of the South 
Hills. This was a total length o f 16,749 ft, a 65 ft average thickness o f the aquifer, a 
gradient o f 0.05 and a conductivity o f 2.8 ft/day, resulting in a recharge of 1277 acre- 
ft/year.
Direct Precipitation Recharge
The vast majority o f precipitation is evapotranspired [Woessner, 1988].
However, Wogsland [1988] determined a minor contribution due to direct storm water 
injection at injection wells. Thus, the recharge from precipitation value is estimated 
using W ogsland’s [1988] value for infiltration into the vadose zone via storm drains.
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This estimate was based on the amount of impervious land cover, the annual rainfall, and 
her calculated runoff ratio. The 5 square miles encompassed in this study lie within the 9 
square miles o f W ogsland’s study. Since no significant land use changes have occurred 
in the area o f this study, Wogsland’s value for recharge was adjusted from the 365 acre- 
ft/ yr to 200 acre-ft/yr.
Down Gradient Discharge through the Western Boundary
The down gradient discharge was calculated with Darcy’s Law. The length o f the 
down gradient boundary is 25,000 ft, the thickness o f the aquifer along this boundary was 
approximated from well logs as 100 ft, and the gradient was determined from water table 
maps to be 0.0015. The hydraulic conductivity from Miller’s[ 1991] pumping test for 
Mountain Water Company Well # 7 {located in the eastern portion o f  the study area in 
the vicinity o f  well POW) was used, these values ranged from 7,760 to 11, 640. The 
resulting down gradient discharge ranged from 243,800-365,800 acre-ft/year.
Pumping Discharge
The discharge to pumping wells within the study area was calculated with 
detailed pumping totals supplied by Mountain Water Company (Appendix P). Mountain 
Water Company annual pumping in the sixteen wells in study area averaged 18,013 acre- 
ft. Pumping for other domestic users in the study area was calculated assuming an 
average use o f  600 gallons per day per household. All domestic wells inventoried by the 
Ground Water Information Center in the study area were used. This was a total o f 680 
domestic wells yielding an annual average use of 450 acre-ft.
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CHAPTER IV 
NUMERICAL GROUND WATER FLOW MODEL
Numerical modeling allows for analyses of problems too complex for simple 
analytical evaluation [Anderson & Woessner, 7PP2].
A ground water flow model was constructed based on the conceptual model. It 
was discretized into 7 layers to account for both vertical heterogeneity and the location of 
well data. The model is approximately 5 miles east to west and 4.3 miles north to south. 
The modeling grid is uniform with a cell size o f 150 by 150 ft (Figure 32). The depth of 
this model was set lower than the depths of previous models, to accommodate the newly 
discovered geologic setting displayed in Figure 12.
1 0 0 0 0  fe e t
Figure 32. M odel Discretization
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General head cells were used to represent inflow to Hellgate Canyon, inflow from 
Rattlesnake Valley, and outflow along the western boundary. The head values for the 
general head boundaries were extrapolated from water table elevations in nearby wells, 
W25, GRG, P26 and LGD. The bedrock hills Mt. Sentinal and Mt. Jumbo were 
simulated as no flow boundaries. Inflow from the hills comprised of Tertiary sediments. 
Waterworks Hill and the South Hills were simulated with constant flow cells/ injection 
wells, as suggested and at rates used by both Miller [1991] and Land & Water Inc.
[2003]. Both the CFR and Rattlesnake Creek were modeled using the River Package. 
The River Package calculates a leakage based on the area of the river cells, the thickness 
o f the river bed sediment, the head o f the river versus the water table, and the hydraulic 
conductivity o f  the river bed sediments. Three different river reaches were simulated; 1) 
A reach through Hellgate Canyon; 2) a reach from the mouth of the canyon through the 
model; and 3) a reach representing Rattlesnake Creek. The width o f the river was set at 
150 ft through Hellgate Canyon and 170ft from the mouth of the canyon through the 
study area. The thickness o f the river bed sediments was based on the depth to the 
vadose zone; it was set at 2.8 ft in Hellgate Canyon and at 1 ft down stream. The width of 
Rattlesnake Creek was set at 28 ft, the thickness of the streambed sediments was set to 2 
ft. The head o f the stream was set by extrapolating from stream gaged sites. Finally, the 
hydraulic conductivity o f the stream sediments was determined by calibrating the leakage 
in each reach to the leakage determined during stream gaging in March 2005. Figure 33 
displays layer one and the boundary conditions for the model (wells from  all layers 
superimposed). The model was solved using The PCG2 Preconditioned Conditioned 
Conjugant Gradient Package [Hill, 1990]. Sixteen active Mountain Water company wells
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lie within the study region. These wells were simulated as pumping wells, extracting the 
average daily water pumped during the period simulated.
%
...........
LJ No Flow
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(recharge)
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River Cells 
M onitoring wells
Pumping wells10000 feet
Figure 33. M odel boundary conditions (Layer I displayed w ith wells from  all layers superimposed).
Properties for the aquifer were initially set based on pumping test results from
both this study and past studies. Figure 34 represents the hydraulic conductivity
distribution based on pumping tests from this and past studies. This figure also includes
hydraulic conductivity values determined by Clark [1986] using a computer program
Ptran which took into account specific capacity and partial penetration of the aquifer.
Layers 6 and 7 have virtually no wells finished in them, aquifer properties were assigned
based on very limited lithologie data from drillers’ logs. In general the lithology o f these
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layers is coarse sand to boulder material in Hellgate Canyon and clay and gravel material 
in the M issoula Valley. The specific yield and porosity were set to 0.15 and 0.2 
respectively. The specific yield value was based on the pumping test performed in this 
study (0.1-0.14), values calculated by Clark [1986] 0.115, and literature reported values 
for coarse gravels ranging from 0.12-0.26. The porosity was set based on both literature 
values and values determined by Clark. Layers 2-7 which are modeled as confined used 
a specific storage o f 1.0 E-06. The model was set to calculate storativity from the 
specific storage and the thickness o f the layer.
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Figure 34 Hydraulic conductivity values used for 
initial K  distribution, values based on pumping test 
results.
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Steady State Calibration
A steady state model was created and calibrated to data from March 17, 2005.
This time period was used because hydraulic conditions were generally stable during this 
time and because stream gaging completed in this study was performed March 15, 2005. 
This enabled creation o f a model with a measured leakage rate. The steady state model 
was initially calibrated to a leakage o f 32,860,000 ft^/day from the river and a flux of
3,100,000 ft^/day through Hellgate Canyon. After reviewing transient simulations the 
steady state model was recalibrated to a leakage o f 28,800,000 ft^/day from the river, and 
a flux through Hellgate Canyon o f 4,440,000 ft^/day. Table 11 below lists the 
components o f the groundwater budget in the calibrated steady state model.
Extrapolating the average daily contributions from the steady state model over the course 
o f a year allows for a comparison to the water balance proposed in Chapter 3. The 
chapter 3 water balance did attempt to quantify temporal differences in leakage rates 
determined during stream gaging. This comparison shows that all parameters in the 
steady state model are within the ranges calculated in the groundwater budget. The 
contribution o f recharge to the aquifer from the CFR in steady state is approximately 27% 
lower than the average value determined for the water budget; the contribution through 
Hellgate Canyon underflow is approximately 22 % less than the average water budget 
value; and the contribution from Rattlesnake Creek is approximately 6% greater than the 
average groundwater budget value.
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Source ft^/day Percent o f C on tribu tion
Leakage from  C F R  lower reach 2.84E+07 81.3%
Leakage from  C F R  through Hellgate Canyon 3.60E+05 1.0%
Leakage from Rattlesnake Creek 1.21E+06 3.5%
U nderflow  up gradient Hellgate Canyon 4.44E+06 12.7%
U nderflow  up gradient Rattlesnake V a lley 3.14E+05 0.9%
Tertiary H ills 1.50E+05 0.4%
Pattee Canyon 5.84E+04 0.2%
T o ta l in 3.49E +07
Dow n gradient lateral outflow -3.33E +07 98.3%
W ell w ithdrawal -5.83E+05 1.7%
T o ta l out -3 .39E +07
The hydraulic conductivity o f the aquifer was adjusted based on aquifer tests, 
trends from the flow tube analysis and peak delay analysis, until it calibrated to measured 
head values. The mean residual error to measured heads after steady state calibration was 
0.41 ft. Figure 35 displays the measured versus simulated heads. The calibrated steady 
state hydraulic conductivity distribution ranged from lOOft/day to 20,000 ft per day with 
an anisotropy o f 1:20 (Figure 36 layers 1-7).
O b s e r \^  vs Computed Target Values
g 31W
•  Layer 2
31€0 316E
Observed Value
Figure 35 Steady State M odel Observed versus Simulated head Values.
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Figure 36 Hydraulic conductivity distribution.
Layer 5
10.5 ft/day |
50 ft/day |
100 ft/day |
150 A/day |
250 ft/day |
750 ft/day 
1,000 A/day |
1.500 A/day
2.500 A/day
3.500 A/day
4.500 A/day 
5,250 A/day 
6,400 A/day 
7,450 A/day
8100 A/day 
9550 A/day 
10,100 A/day 
14,800 A/day 
15,850 A/day 
16,900 A/day 
20,000 A/day
Transient Model
The transient model was built from the calibrated steady state model. The 
transient model simulates conditions over 421 days from May 11, 2004 through July 6, 
2005. Boundary conditions were adjusted for each o f the 21 stress periods. The 21 stress 
periods represent the 21 rounds o f water table and stage measurements. Each stress 
period length represents the number o f  days between measurements. For each of these 
stress periods new heads were assigned to the general head boundaries, new river 
elevations were assigned to the river cells and new pumping rates were assigned to
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pumping wells. During the transient calibration it became apparent that during times of 
highest river stage and lowest river stage the water table in the model was responding too 
dramatically, therefore a new steady state model with slightly lower riverbed conductivity 
was calibrated, as mentioned above. The new river leakage values were within the range 
calculated but below the average calculated from stream gauging measurements. The 
transient model groundwater budget for the entire 421 days o f simulation is listed in 
Table 12. The groundwater budget for one year, from July 4, 2004 through July 3, 2005 
is displayed in Table 13. All the parameters in the simulated one year groundwater 
budget fall within the ranges proposed in the groundwater budget in chapter 3.
Table 12 Groundwater budget for 421 day transient simulation
Source Ac re -ft fo r 421 
period sim ulated
Percent o f C on tribu tion
Leakage from  C F R  lower reach 3.16E+05 82.2%
Leakage from  C F R  through Hellgate Canyon 3.80E+03 1.0%
Leakage from  Rattlesnake Creek 1.53E+04 4.0%
Underflow  up gradient Hellgate Canyon 4.41E+04 11.5%
Underflow  up gradient Rattlesnake V alley 3.05E+03 0.8%
Tertiary H ills 1.45E+03 0.4%
Pattee Canyon 5.64E+02 0.1%
T o ta l in 3 .80E +05
Dow n gradient -3.58E+05 94.4%
W ell w ithdrawal -2 .12E +04 5.6%
T o ta l out
Table 13 Groundwater budget for 1 year July 4, 2004- July 3, 2005
Source Ac re -ft fo r  1 year Percent o f C on tribu tion
Leakage from  C F R  lower reach 2.68E+05 81.9%
Leakage from  C F R  through Hellgate Canyon 3.22E+03 1.0%
Leakage from Rattlesnake Creek 1.35E+04 4.1%
U nderflow  up gradient Hellgate Canyon 3.82E+04 11.7%
Underflow  up gradient Rattlesnake V a lley 2.62 E+03 0.8%
Tertiary H ills 1.25E+03 0.4%
Pattee Canyon 4.87E+02 0.1%
T o ta l in 3 .27E +05
Dow n gradient -3.04E+05 94.5%
W ell w ithdrawal -1 .77E+04 5.5%
T o ta l out -3 .22E +05
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Transient M odel Calibration
The transient model was also calibrated to water level measurements. The residual 
mean error for the entire transient analysis was 1.09 ft. Plots of the observed versus 
simulated water levels for the course o f the simulation are displayed in Figure 37 a-h. In 
general the model underestimates water levels from July through November. Because the 
vast majority o f water in the system is derived from the river, the hydrographs were 
compared to river stage. Figure 38 shows the observed versus simulated water levels o f 
well M e? compared to the stage o f the CFR in the Madison Area. Through this 
comparison it was revealed that although portions o f fall and spring had virtually the 
same river stage, the observed groundwater levels were much lower in the spring than in 
the fall. This indicates that something other than the stage o f the river is controlling 
leakage rates. One theory to explain the greater leakage rates in the late summer and 
early fall is the water and streambed temperature. It has been widely documented that 
warmer water infiltrates at a faster rate,[ Rorabough, 1963; Constantz and Murphy^
\9 9 \ ,Constantz^ 1998, Ronan et. AL, 1998], this is because the viscosity o f water is 
dependant upon temperature [Muskat, 1937].
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Figure 37 a-h. Observed water level verses simulated water level.
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Figure 38 R iver stage versus the observed and simulated head at w ell M cP.
Sensitivity Analysis
A sensitivity analysis was carried out to determine the degree to which each 
parameter affects the model. Therefore the parameters controlling the model were run 
under a range o f values to determine the sensitivity o f the model to each parameter. The 
parameters were run at 60%, 80%, 120% and 140% o f the calibrated values. The model 
was run separately for each variation and the absolute residual mean error was recorded. 
The adjusted parameters included specific yield, injection well rates and the hydraulic 
conductivity o f the aquifer, the bed o f the CFR in each reach, and the bed of Rattlesnake 
Creek.
Table 14 lists the results o f the sensitivity analysis and Figure 39 displays these 
results in graphical format. The model is most sensitive to the hydraulic conductivity o f 
the aquifer and the hydraulic conductivity o f  the riverbed beneath the CFR in Missoula 
Valley. Variation o f all other parameters had substantially less effect on the model.
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Multipliers 0.6 0.8 1 1.2 1.4 1.67
H ydraulic Conductivity A ll 4 .44 1.84 1.09
1.99 
dry cells
2.97  
many dry cells
Riverbed hydraulic conductivity 
reach C F R  through valley (reach 2)
M odel
failed 2.22 1.09 1.55 2.86
Riverbed hydraulic conductivity C F R  
through Hellgate Canyon (reach 3) 1.13 1.1 1.09 1.08 1.09
Riverbed hydraulic conductivity 
Rattlesnake (reach 6) 1.18 1.14 1.09 1.06 1.03
Specific Y ie ld 1.14 111 1.09 1.08 1.07 1.07
Injection W ells 1.09 1.09 1.09 1.09 1.08
Sensitivity Analysis
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Figure 39 Relationship between absolute residual mean error o f  simulated and observed water levels to 
variations in input parameters for the transient model.
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Model History Matching
To attempt to further calibrate the model, it was run under conditions of the 1996
-1997 water year, including the flood stage levels occurring in May and June of 1997. 
These flows were the highest monthly averaged flows since 1976. Data for this model 
was obtained from the Missoula Water Quality District records and from the USGS 
gauging station on the CFR above Missoula [USGS, 2005]. Quarterly water levels for 9 
wells monitored by the Missoula Water Quality District were used to check the results of 
this model.
An empirical equation was derived by relating flow in the river to the stage of the
river.
Flow = 193 X stage^^^
From this equation the monthly averaged flow of the CFR was correlated to a river stage. 
These point river stages were used to make shifts to the graded river stages previously set 
for the model. Since there was no data available relating to the Rattlesnake Creek for this 
time period, its stage was estimated by extrapolating the interpolated stage of the CFR at 
the mouth o f the Rattlesnake up the Rattlesnake Valley preserving the previously 
determined gradient.
The model ran from October 1®\ 1996 through September 30̂ *̂ , 1997. The 
historical data available allowed for 12 stress periods correlating to the 12 months of 
averaged river flow. The general head boundaries however could only be adjusted on a 
quarterly basis based on the quarterly water level data available from the Water Quality 
District. The same set o f wells W24, GRG, and LGS and LGD were used to set the 
general head boundaries.
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Figure 40 displays the measured verses simulated water levels for well WQM 
(located in the Madison Area, see Figure 4). The results o f this model do indicate that the 
model over predicts water levels by 3.5 feet with the flows in the river on the order of 
16,000 cfs. The absolute residual mean error for the entire model run which includes 32 
observations was 2.0 ft. Much o f the inaccuracy o f this model could be due to the limited 
number o f general head stress period values available.
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Figure 40 Observed versus simulated head in w ell W Q M  from history match modeling in water year 96-97
Capture Zone Analysis
A capture zone analysis was completed using the MODPATH particle tracking
program [Pollock, 1994]. The four Mountain Water Company wells that were monitored
and sampled throughout this study were used in the particle tracking (P26, P30, P32, and
P34). Particles were placed in the model as a circle of 50 particles surrounding the
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screened interval o f each well and backward tracked. To account for the influence of 
model grid and time discretization, the radius o f the circle of particles was determined by 
solving the following analytical equation that represents the maximum width of the 
capture zone at the pumping well in a uniform flow field (Figure 41):
y  = ± —̂ -------- —— X tan~^ —
2b Ki 27ibKi x
Where: Q= pumping rate
b= Aquifer thickness 
K= Hydraulic Conductivity 
i = natural gradient before pumping
y = maximum zone o f influence perpendicular to the flow field 
X = position parallel to the flow field [Javendel and Tsang, 1987].
This equation was solved for y with x at 0.75 ft (the radius of the well bore). Depending
on the pumping rate and the hydraulic conductivity either the radius o f influence was
approximately the same size as the cell representing the well, or it was larger than the cell
(Figure 41). The calculations yielded an initial radius o f 96 ft for well P26, 379 ü  for
well P30, 85ft for well P32, and 116 ft for well P34. In MODPATH particles were
backward tracked to determine the sources o f water to these wells. The analysis used the
transient MODFLOW results and was run for the 421 day model (Figures 42-49).
Figures 42- 46 show the particle trace for each well, while Figures 47 - 49 display the
time o f travel.
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Figure 41 Schematic o f  drawdown around a w ell in a uniform  flow  field, showing both a capture zone 
about the same size as the model cell and a capture zone much larger than the model cell.
MeHgmt# C anyon
\
«
IH ellgaW  C a n y o n  
1 u n d e r f lo w
Figure 4 2  P 2 6  particle capture looking to the southeast. A ll particles track back up Hellgate Canyon.
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Figure 43 P30 particle capture looking to the north up Rattlesnake Valley. Over 90%  o f  particles are 
originate from  Rattlesnake Valley, a minor portion originates from the CFR.
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Figure 44 P32 particle capture looking through W aterworks H ill to the southeast. 50%  o f  the water 
originates from  the river and 50%  originates from upstream o f  Hellgate Canyon.
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Figure 45 P34 particle capture looking through W aterworks H ill to the southeast. 80%  o f  particles 
originate from  C FR , and 20%  originate from  above Hellgate Canyon.
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Figure 46  A il Capture Zones Locking to the northeast, R  represent recharge source.
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Figure 47 Capture zones for each w ell aerial v iew  R  represent recharge sources to the wells.
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Figure 48 Three dimensional capture zones showing particle location through time.
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This analysis shows that 100% o f the water entering well P26 comes from up 
gradient o f  Hellgate Canyon with traveling times ranging from 194 days to more than 421 
days. The flow direction with respect to this well is predominantly horizontal with a 
slightly negative vertical gradient. The particle tracking analysis indicates Rattlesnake 
Valley underflow is the dominant source for well P30, contributing over 90%with travel 
times o f approximately at 366 days, the river contributes a minor amount o f water with a 
40 day travel time. Results for P32 indicate 50% o f the water comes from the CFR with 
travel times ranging from 15-57 days, and the remaining 50% comes from up gradient o f 
Hellgate Canyon with travel times ranging from 106 to 185 days. Finally, the results for 
well P34 show 82% o f the water comes from CFR with travel times ranging from 12 -
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100 days, and 18% o f the water comes from up gradient o f Hellgate Canyon with travel 
times ranging from 97-100 days (Table 15).
Table 15. Sources and travel times to production wells.
Source Hellgate Canyon 
U nderflow
Clark Fork R iver 
Leakage
Rattlesnake Valley
P26 100%  (1 9 4 -4 2 1 + days) 0 0
P30 0 5%  (40 days) 95%  (366days)
P32 50%  (106-185 days) 50%  ( 1 5 - 5 7  days) 0
P34 18%  (91-100  days) 82% (12-100days) 0
Model Capabilities and Limitations
Based on the calibration results the model appears capable o f performing 
predictive analyses within some limitations. The model is able to simulate the results of 
various stresses occurring on a seasonal basis, such as changes in pumping scenarios, and 
changes in river stage. However, the 1996-1997 history matching run indicated the 
response o f wells was less well representative during the period of high river flow rates. 
River leakage values calculated with the River Package vary linearly with river stage 
when the river bottom and water table are not in contact. The CFR’s leakage into the 
Missoula Aquifer does not appear to be strictly controlled by a linear relation to the stage 
o f the river.
One major assumption made in the model was that the CFR leakage properties 
were the same from the mouth o f the canyon to the western model boundary. However, 
properties o f  the riverbed and leakage rates were not determined in this area.
Another simplifying assumption was the use o f constant values for specific yield,
specific storage and porosity as these values are poorly known for the Missoula Aquifer.
Changes in specific yield and specific storage values would result in changes in the speed
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with which the model reacts to changing hydraulic stresses. However, the sensitivity 
analysis did show that changes in the specific yield value lead to minor changes in the 
absolute residual mean error. Porosity, which is also poorly known directly impacts the 
travel time calculations.
Finally, the discretization of the model limits its ability to accurately model fine 
scale events. The particle tracking analysis in the areas around the production wells are 
particularly susceptible to the grid spacing, as the pumping rate and thus resulting 
drawdown are averaged over an entire cell. Furthermore the wells are managed with and 
on and off pumping schedule that was averaged over each stress period, so the time 
discretization also impedes the models ability to model fine scale events.
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CHAPTER V 
DISCUSSION OF MODEL RESULTS 
Comparison to Geochemistry
These model results fit with the geochemistry to some degree. I so topic correlations 
done by Cook [2005], show well P26 has a much better correlation to the Hellgate 
Canyon groundwater than to the CFR. The isotopic concentrations found in well P32 
show slightly better correlation to groundwater originating from Hellgate Canyon, but the 
correlation is not much better than the correlation to the CFR. Isotopic correlations for 
P30 and P34 are very poor for the river, underflow and Rattlesnake Creek water. Cook’s 
general chemistry results were so similar between the river and the underflow through 
Hellgate Canyon little source derivation was possible. Only on the north side o f the river 
was the general chemistry o f the groundwater significantly different from river water. 
Rattlesnake Valley water and Hellgate Canyon water. As particle tracking indicated P30 
receives a substantial amount o f water from Rattlesnake Valley underflow it was 
compared to the general chemistry o f both the CFR and GRG (a Rattlesnake Valley 
well). The chemistry o f P30 and GRG were collected on alternate weeks so the 
correlation is an approximation. This comparison indicated that P30 receives a mixture 
o f water from Rattlesnake Valley and from the CFR on the order 80:20. The particle 
tracking indicates a greater percentage from the Rattlesnake Valley.
The largest discrepancy o f the particle tracking results with the geochemistry was 
Cook’s estimated groundwater travel times. Cook [2005] determined rates based on 
isotopic data, which she notes have substantial error associated with them. She found
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river water moved to wells P32 and P34 with a 0-7 day travel times. Results from the 
particle tracking to P32 and P34, suggest minimum travel times of 15 and 12 days 
respectively. Since the velocity is dependant upon the porosity set in the model velocity 
and porosity were further investigated
Velocity
The numerical flow model in general has higher conductivities and flow velocities 
than past models. However, as noted above, the modeled particle velocities are lower 
than the velocities determined using a geochemical analysis. A comparison was 
completed between velocities from particle tracking, from geochemistry and velocities 
from past studies, and from one dimensional computed velocities (Table 16).
Table 16 Velocity  Comparison from this and past studies (velocity calculations for particle tracking were 
based on the particles w ith the shortest travel time between a w ell and it’s source, therefore, the maximum  
velocity)
Source for value ▼
Location ► Madison Area Hellgate Canyon SB central valley 
near w ell BLS
central valley 
near well 
M cP
M ille r  [1991] calculated from  
conductivities and gradients in 
flow  model using n= 0.2
99 ft/day N A 67 ft/day 67 ft/day
Gestring [1994] calculated from  
conductivities and gradients in 
flow  model using n= 0.35
N A 144 ft/day N A N A
Pracht [2001] particle tracking in 
flow  model
N A N A M in im u m  o f 90  
ft/day N A
Cook [2005] Isotope delay 
correlation
Instantaneous  
to 285 ft/day
River to well P32
[This study] 
Particle Tracking
140 ft/day  max 
well P32 to River
105 ft/d ay  m ax  
well P32 to E 
model boundary
98 ft/d ay  max
P26 to E model 
boundary
N A
[This study] Calculated from  
average horizontal hydraulic 
conductivity in upper 5 layers o f  
numerical model n= 0.2
173 ft/day
horizontal
154 ft/day
horizontal
117 ft/day
horizontal
65 ft/day  
horizontal
[This study] Calculated from  
average vertical hydraulic 
conductivity in numerical model 
n= 0.2
18 ft/day  vertical 9.6 ft/dayvertical
. . .
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As apparent in the table above, the velocities determined with particle tracking are 
lower than the calculated horizontal velocities. The numerical particle tracking takes into 
account three-dimensional movement, therefore, the much lower vertical velocities are 
also incorporated into the velocities determined from particle tracking.
Controls on the velocity are hydraulic conductivity, gradient, and porosity. The 
gradient is defined based on observed water levels. The magnitude of the hydraulic 
conductivity values, especially those in Hellgate Canyon and in the Madison Area are 
bound by up gradient groundwater flux calculations and computed river leakage. The 
porosity o f  the aquifer is more poorly characterized.
Porosity Sensitivity Analysis
The groundwater flow model and the particle tracking model were run under a 
range o f porosities typical o f sand and gravel deposits, 0.12 to 0.28 and velocities were 
assessed (Table 17). Since the true velocity is not known this sensitivity analysis could 
not be compared to independently established values. Rather, this analysis establishes a 
range o f feasible velocities and asserts the need for refined porosity measurements.
Porosity
n
Southeast Central V a lley  
From P26 to River 
V elocity  ft/day
Madison Area  
W ell P32 to River 
Velocity  in ft/day
Hellgate Canyon 
W ell P32 to Eastern Boundary 
Velocity  in ft/day
0.12 158 239 152
0.15 134 191 133
0.2 98 140 105
0.25 82 113 78
0.28 73 101 72
Isotope and arsenic geochemical data sets generally support the high velocity 
ranges presented here.
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A pplication of the M odel to Assess A rsenic Behavior
The behavior o f arsenic within the Missoula Aquifer is a primary concern for 
water management practices. Using the mixing ratios determined with the particle 
tracking analysis along with geochemical data allows for an evaluation o f the behavior o f 
arsenic during the recharge process and in the Missoula Valley Aquifer. Arsenic in 
solution is usually attenuated in oxidizing environments often being adsorbed or co­
precipitated with iron oxides and oxyhydroxides. However, Cook [2005] found some 
patterns indicating arsenic may be acting conservatively in this system.
During Cook’s [2005] study the Milltown Reservoir was drawn down below its 
normal pool height and a more intense sampling scheme was initiated. It was observed 
that during the drawdown arsenic concentration increased in both the river and in the 
adjacent groundwater (Figure 48). The river increased by 1.6pg/l and the deep 
groundwater in well P34 increased by 0.95. pg/l. The error associated with these
measurements was on the order o f 0.2 pg/l.
Arsenic
4
3
T
2
1
HGR
MM2
7/9 7/23 Date 8/6
Figure 50 Arsenic concentrations in the river (H G R &  C FR ) and in shallow (M M 2 )  and deep (P34) 
groundwater, from  C ook [2005].
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If  arsenic is acting conservatively within the system these data should correlate 
wdth the recharge source mixing percentages calculated for well P34 with the particle 
tracking analysis using the following equation:
[ river _contribution underflow_contribution •
Since the travel time for the underflow to reach well P34 substantially exceeds the time 
associated with the observed concentration change, the A[As] for underflow was set to 0, 
resulting in the following equation:
ÛstenPiA = (0.82)X (1.6jug / L) +(p.2)x (Ô g/ Z,) = 1.31 ixgfL.
This direct dilution equation over estimates the change in arsenic concentration in well 
P34 indicating other processes are impacting the river recharge prior to its capture at the 
well. Dispersion and possibly some chemical attenuation are likely occurring. These 
processes reduce the projected mixed water concentration to 0.95 pg/L.
Assuming the same processes affecting the river recharge concentration would 
occur at higher arsenic concentrations, estimates can be made for changes in this well 
based on arsenic concentration changes in the river. Under these assumptions change in 
river concentration o f 10 pg/L (e.g. from a base concentration of 2 pg/L to 12 pg/L) 
would result in an increase of 5.9 pg/L (e.g. from a base concentration of 1.5 pg/L to 
7.3 pg/L) in well P34. Similarly, if the river concentration rose 50 pg/L the resulting
increase at P34 would be 30 pg/L.
As the high frequency sampling during drawdown did not include the other 
Mountain Water Company wells water quality changes at other locations can not be 
easily predicted. Clearly the processes affecting the transport of arsenic to production
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wells need additional analyses. The application of a solute transport model would be 
appropriate, however, modeling requires definition o f porosity, dispersivity, and 
geochemical reaction parameters; efforts beyond the scope of this work.
A final observation regarding contribution percentages and the water quality in 
wells finished in the Missoula Aquifer. All wells on the south side of the river receive 
some water from underflow through Hellgate Canyon. As stated in the previous chapter 
the travel time associated with recharge from this source ranges from 90 to over 400 
days. If  the water quality o f the underflow became negatively impacted, production wells 
in the Missoula Aquifer have the potential to be degraded for an extended period of time.
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CHAPTER VI 
CONCLUSION & RECOMMENDATION  
Conclusions
This project has refined previous hydrogeologic work regarding the Missoula 
Aquifer. Specifically, it has supplied new information as to the contribution o f recharge 
to the Missoula Aquifer from the CFR, and from up gradient o f Hellgate Canyon. The 
specific goals and subsequent conclusions completed are summarized below
1. Collection and analysis o f well logs and geologic information to delineate the 
geologic setting, aquifer stratigraphy and aquifer boundaries revealed two striking 
differences from past studies. The depth to bedrock in Hellgate Canyon was found to be 
83 ft deeper than previous work, [Gestring, 1994]. The second difference was the 
discovery o f a thick fine sand and silty sand unit lying at 100 ft below the surface in 
Hellgate Canyon. This unit correlates with silty sand and clay/sand and gravel layers 
lying at the same elevations in the Madison area o f the Missoula Valley. The 83 
additional feet o f coarse alluvial material in Hellgate Canyon transmits a substantial 
amount o f water that had not been quantified in past work. The thick fine grained layer 
stretching from Hellgate Canyon into the Missoula Aquifer creates a vertical division of 
flow in this area o f the aquifer.
2. Well water quality and water level investigations resulted in similar conclusions
derived from past studies. The dominant groundwater flow direction is east to west,
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divided by the Clark Fork River, flowing southwest, south of the river and northwest 
north o f the river. Near the river the groundwater flow system has a slight negative 
vertical gradient. Though data are sparse it appears in the vicinity of the confluence of 
Rattlesnake Creek and the Clark Fork River groundwater may flow beneath the river and 
towards the south.
3. Aquifer testing by peak delay analysis, pumping tests and slug tests expanded 
hydrogeologic property data for the Missoula Aquifer. The peak delay analysis suggests 
aquifer hydraulic conductivities increase from the Madison area to the southwest near 
well S&B. A pumping test revealed strong anisotropy (500 to 1) and hydraulic 
conductivities on the same order o f magnitude as past studies. The slug tests in general 
yielded lower values than those derived from other methods.
4. Use o f streambed temperature trends, synoptic stream gaging and streambed
tracer tests to determine riverbed flux rates, identified variations in streambed leakage
rates. These analyses indicate that the river bed leakage rates in the Missoula Valley are
2 to 7 times greater than the leakage rates in Hellgate Canyon. The average leakage rates
from these analyses range from 8-14.4 ft^/day per sq ft o f riverbed in the Madison area,
and 1 . 9 - 4  ft^/day per square ft of riverbed in the Hellgate Canyon. These analyses
pertain only to the time period they were carried out. Several dynamic parameters effect
river leakage including, river stage, water temperature, and clogging o f the bed by both
vegetation and fine grained sediment [Hoehn, 2002]. River stage was monitored
throughout this study, and the temperature of the river bed was monitored intermittently,
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however no analyses o f the changes in the bedload and streambed vegetation were carried 
out.
5. Construction o f both a conceptual model and a three dimensional numerical 
model o f the eastern portion o f the Missoula Aquifer revealed leakage from the CRF is 
the dominant source o f water to the Missoula Aquifer. The conceptual model suggested 
83% o f the water in the system is derived from the CFR, and the transient groundwater 
flow model suggests it to be 82%. This percentage is similar to the percentage 
determined by Miller [1991].
The groundwater model suggests recharge as underflow through Hellgate Canyon 
is greater than previously determined. The conceptual model computed a 12% 
contribution from underflow and the transient model computed an 11.7% contribution.
6. Generation o f three dimensional capture zones gave approximate travel times and 
source areas for the production wells. The capture zone for well P26 is notable in that it 
is dominated by Hellgate Canyon Underflow and is not receiving direct recharge from the 
river reach in the study area. The capture zone of well P30 indicates 95% of its water is 
derived from Rattlesnake Creek drainage and 5% from the CFR. However, the 
geochemistry o f P30 coupled with the river chemistry and the chemistry of well GRG 
located in Rattlesnake Valley indicate that an 80: 20 mixing rate is more likely. The 
capture zone o f well P32 indicates 50% of the water is from CFR leakage within the 
model region and 50% is from up gradient. Finally, the capture zone analysis for well
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P34 suggests 82% o f the water is derived from the CFR leakage within the model region, 
with minimum travel times o f 12 days.
Recommendations for Further Study
Underflow through Hellgate Canyon appears to provide a substantial 
contribution to the Missoula Aquifer. Additional hydrogeo logic and geologic data in this 
area would hone the contribution estimates. Specifically, drilling a well to 140’ at the 
mouth o f Hellgate Canyon would allow one to determine if the thick unit of silty sand in 
Hellgate Canyon indeed connects to the silty sand and clay/sand and gravel unit lying in 
the Missoula Valley. Furthermore, since hydraulic properties in Hellgate Canyon are 
still poorly known, performing a pumping test with an adequate pump on a well with 
large open area would be advantageous. Additional aquifer characterization should 
include estimates for porosity at several sites throughout the valley. Improvement of the 
porosity estimates, would allow refinement o f velocity estimates.
Additional monitoring o f the streambed and the depth o f its saturated zone would 
lead to better understanding of the river and aquifer interaction. As part o f this study an 
attempt was made to emplace monitoring wells at the low water mark along the river 
bank. One well was designed to monitor the water table while the other was designed to 
monitor the depth o f the zone of saturation beneath the river. These wells were to be 
instrumented with transducers capped and left through spring runoff. Due to inadequate 
drilling equipment for the large cobble system, the wells were not successfully installed. 
Setting up this system both in Hellgate Canyon and in Missoula Valley would allow
measurements that can not be taken safely by hand.
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O f importance to water management is the development of the capacity to predict 
how changes in river chemistry and flows will impact production well water quality. This 
requires additional geochemical and flow studies o f this system focusing on both 
processes occurring in the unsaturated zone below the river channel and during transport 
in through the aquifer.
Finally, once the processes influencing aquifer water quality are refined the 
groundwater flow model should be used to examine solute transport. Solute transport 
modeling should be developed into a predictive tool to allow for uncertainty analyses 
necessary to support water management plans.
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Appendix A 
Survey
103
Well Location Positional Information June 24, 2004 by Land and Water Consulting Inc. 
The following wells and survey monuments were located using GPS real time kinematic 
method with the Missoula CORS as base providing the corrections:
Montana State Plane NAD83 international feet coordinates 
Vertical Datum NAVD 88 error: 2cm/0.06 ft
WQD Data shown hereon from Missoula County Surveyors Office 
; Elev ft
above
iFeatue ID Northing 
M issoula
Easting MSL Featue
■!<? -J- 7 X» 'pwrv ; 77*/' Location’"'7
1*2%̂ *fi
P26 978770.0 838887.0 3184.9 Access meas point on well Benton W/o Russel
P30 987050.0 845386.0 3 185.2 Access meas point on well SW/o Pattee & Front
P32 985648.0 846746.0 Well N/o 5th and Arthur
P34 985776.0 847317.0 3200.3 Access meas point on well N/o 5th and Maurice
MM5 985843.8 847384.1 3199.2 Top o f PVC pipe N/o 5th and Maurice
MM4 985713.4 847230.3 3198.3 Top of PVC pipe N/o 5th and Maurice
MM2 985935.1 847253.5 3195.9 Top of PVC pipe N/o 5 th and Maurice
RON 984915.7 845672.5 3211.3 Top of Steel case Ronald & Eddy
N/o Beckwith and Madiline (University
UNI 982927.0 848031.0 3225.7 Top of Steel case Science Complex)
WMC 988957.2 843920.0 3199.3 Top of Steel case Front & Broadway
D&D 992296.1 842565.0 3200.7 Top of PVC pipe Hawthorn & Defoe WPS 32dd
WPS 992388.1 843694.5 3200.9 Top o f PVC pipe Defoe & Dickens WPS35
HOD 984193.4 853729.7 3203.7 Top o f PVC pipe Hellgate mon deep
HGS 984198.9 853729.5 3204.2 Top o f PVC pipe Hellgate mon shallow
ARC 984281.8 853556.9 3203.7 Top of Steel case Hellgate Arco
POW 982444.3 839449.3 3188.4 Top of Steel case SE/o Russel & Mount Powerwash
McP 988781.0 843489.4 3179.3 Top PVC & Steel Case McCormick Park WQD 30
WQD6 976412.8 832689.5 3164.0 Top of Steel case Larchmont GC WQD 6
WQD6 3163.1 Top o f PVC pipe Larchmont GC WQD 6
WQD20 976419.3 832692.2 3164.1 Top o f Steel case Larchmont GC WQD 20
WQD20 3163.5 Top of PVC pipe Larchmont GC WQD 20
S&B 979839.0 841755.3 3193.6 Top PVC & Steel Case SW cor South & Bancroft WQD 33
BLS 983118.0 843321.8 3204.2 Top o f Steel case West cor Crosby & Blaine WQD 31
BLS 3204.3 Top o f PVC pipe West cor Crosby & Blaine WQD 32
BLD 983108.9 843315.4 3205.0 Top o f Steel case West cor Crosby & Blaine WQD 21
BLD 3204.1 Top of PVC pipe West cor Crosby & Blaine WQD 21
GRG 987826.5 848898.8 3225.1 Top PVC & Steel Case Gregory Park WQD 32
W24 984813.4 851372.8 3207.2 Top of Steel case Hellgate Vantage Village WQD 24
W24 3206.9 Top of PVC pipe Hellgate Vantage Village WQD 25
W25 984843.8 855562.8 3215.6 Top of Steel case Hellgate Easy Street WQD 25
W25 3214.9 Top of PVC pipe Hellgate Easy Street WQD 26
WQM 985926.8 847038.4 3191.4 Top PVC & Steel Case Madison St. River bowl WQD 29
Riv Lvl S/E side Van Buren Ped Brg Mini
Logger 986141.9 848242.0 3179.5 Top o f capped pipe Stilling Well
HGR 984074.3 853431.0 3185.7 0 mark on staff gauge Staff Gauge (Hellgate)
ORB 988106.2 844106.7 3202.0 Top of bolt Bolt on Orange St Bridge
RAB 988174.7 848450.1 3219.7 Top of bolt Bolt on Railroad St.Bridge
Array A 984089.8 853312.2 3186.0 Top of capped pipe w/o Cobbleston Condos
Array B 986079.1 848473.9 photo location East of Van Buren Ped brg
Array C 985974.0 847475.0 3181.0 Top steel cap N/o 5th and Maurice (Irrigation Ditch)
Array D 986428.1 847815.5 photo location Mouth o f Rattlesnake Creek
104
Appendix B
Well Logs and Water Level 
(Units in feet all vertical axes are in feet)
105
Location/
Sample Nam e Description
Benton 
Production 
P26 Well
Company
W ell#
M W 2 6
W ell Log
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
static wtr ivi 
ft
100-120
! C
m
ii:s IÏ
m u
Chum Drill
0-24
Cobblestones Gravel & 
Clay
24-46
Brown Cld\ & Gravel
46-57 G ravel Sand & 
W ater
57-70 Big
G ravel S and & , W ater
70-84
Sand Small Gravel & 
W ater
84-104
G ravel Som e S and &  
W ater
W ater
108-125 '
GWIC Total depth Diameter
178750 125 • 16"
N o r th in g 978770
E a stin g 838887
to p  o f  p ip e E le v a t io n 3184 .88
Depth to
Date time water
4/28/04 54.5
5/5/04 53.84
5/19/04 56.42
6/2/04 9:20a n/m
6/16/04 10:00a 53.98
6/30/04 9:00a 58.1
7/19/04 9:00a 53.12
8/13/04 9:32a 52.5
9/15/04 9:20a 58.48
10/18/04 12:24p
11/15/04 10:00a 53.01
12/13/04 8:35a 58.85
1/19/05 9:50a 54.94
2/4/05 9:50a 54.94
2/17/05 9:20a 55.57
3/4/05 10:15a 55.14
3/16/05 9:55a 55.29
4/6/05 9:45a 55.38
4/26/05 9:47a 54.8
5/17/05 10:20a 52.5
6/7/05 9:15a 49.19
6/16/05 10:10a 48.55
6/30/05 8:45a 48.6
Elevation o f 
water
3130.38
3131.04 
3128.46
3130.9
3126.78
3131.76
3132.38
3126.4
3131.87
3126.03
3129.94
3129.94 
3129.31 
3129.74 
3129.59 
3129.5 
3130.08 
3132.38
3135.69
3136.33
3136.28
3138
3136
3134
3132
3130
3128
3126
3124
8/6 9/10 10/15 11/19 12/24 1/28 3/4 4/8 5/13 6/17 7/224/23 5/28 7/2
106
Well Log
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
80-96
slots
Backfilled
Cable
0-6  50
static wtr lvl 
43.8 A
16-40 Clay & Gravel
40-50 sand Gravel 
som e clay w / water 
50-55 clay & gravel
55-73 Gravel & sand 
with clay balls water
73-78 Sand & Clay
78-98 Clay Gravel
Boulders & water
98-108 Clay
Gravel
115-150 Tight Clay
Sand & Gravel —15U-152 Liayai
Gravel
13 z - 13 B u  taÿ Ciâÿ.
& Sand
158-176 Clay & 
Sharp Rock
Sample Company
N am e Location/ Description Well # GWIC 
B ank P roduction  
P30 W ell MW30 132845
3158
3156
3154
3152
3150
3148
3146
3144
3142
3140
3138
Northing 987050
access hole Easting 845386
Elevation 3185.2
Total depth Diameter
135
Depth to Elevation Pumpi
Date time water o f Water y/n
4/28/04 10:45a 36.12 3149.08 n
4/28/04 10:51a 46.12 3139.08 y
5/14/04 43.52 3141.68 y
5/25/04 9:35a 42.34 3142.86 y
6/9/04 10:28a 30.17 3155.03 had be
6/22/04 9:30a 30.59 3154.61 n
7/9/04 8:45a nl y
7/27/04 10:50a 34.6 3150.6 n
7/30/04 8:50a 44.83 3140.37 y
8/30/04 12:00p 44.75 3140.45 y
9/1/04 l:45p 34.49 3150.71 n
9/29/04 3:30p 33.42 3151.78 n
11/14/04 2:00p 35.71 3149.49 n
12/13/04 11:00a 36.95 3148.25 n
1/19/05 11:35a 36.76 3148.44 n
2/4/05 9:40a 36.96 3148.24 n
2/17/05 9:55a 37.57 3147.63 n
3/16/05 9:35a 38.01 3147.19 n
4/6/05 9:54a 37.83 3147.37 n
4/26/05 10:05a 36.41 3148.79 n
5/17/05 9:50a 31.66 3153.54 n
6/7/05 11:58a 29.29 3155.91 n
6/16/05 9:15a 29.51 3155.69 n
6/30/05 11:00a 29.9 3155.3 n
18"
/  4h f  /
Ÿ  /
/
4  ..... ^
/
i m p i n1 ------p 3
t L 4 ►
4/23 5/28 7/2 8/6 9/10 10/15 11/19 12/24 1/28 3/4 4/8 5/13 6/17 7/22
107
Well Log
S
10
IS
Cable
0-21
Clay G ravel, 
Boulders & Fill
21-40
Clay Gravel &
Boulders
Slade wtr lvl 
43.8 A
S a m p l e
N a m e
P32
100-125
-139.5 
Clay
Location/
Description
Arthur
Production
Well
Company Total
Well # GWIC depth Diameter
MW32 69078 139.5
Northing
Easting
985648
846746
Date time
Depth to 
water
Pumping
y/n
4/28/04 n/m y
5/5/04 n/m y
5/14/04 n/m y
5/19/04 10:00a n/m y
5/25/04 10:20a n/m y
6/2/04 8:58a n/m y
6/9/04 9:29a n/m y
6/16/04 10:28a n/m y
6/22/04 9:30a n/m y
6/30/04 8:35a n/m y
7/9/04 8:25a n/m y
7/19/04 8:45a n/m y
7/30/04 8:33a n/m y
8/13/04 9:15a n/m y
8/30/04 11:43a n/m y
9/15/04 9:00a n/m y
10/18/04 12:58p n/m y
11/15/04 l:45p n/m y
12/13/04 3:00p n/m y
1/19/05 10:30a n/m y
2/4/05 9:20a n/m y
2/17/05 9:35a n/m y
3/4/05 10:30a n/m y
3/16/05 9:30a n/m y
3/29/05 9:30a n/m y
4/6/05 9:30a n/m y
4/14/05 10:10a n/m y
4/26/05 9:20a n/m y
5/5/05 10:30a n/m y
5/17/05 9:30a n/m y
5/25/05 l:40p n/m y
6/7/05 11:15a n/m y
6/16/05 8:59a n/m y
18"
108
W ell Log
C a b l e
Gravel
80-104 screened
78-104 
Sand. 
Gravel &
Water
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
196
3120-3096
Back Filled 
& Cemented 
to 135'
I " 4 - 110 fin e  sand  gravel , 
w ater
110-118 fine sand 
& clay
118-151
Fine Sand, Clay & 
gravel
151-186 
Sand Gravel & 
Water
186-196 
Tan Clay
Sample Location/ 
Name Description
M adison/
P34 M aurice
Company Well # GWIC 
MW34
Total depth Diameter 
196 18"
Date 
4/28/04 
5/14/04 
5/25/04 
6/9/04 
6/11/04 
6/22/04 
7/9/04 
7/22/04 
7/27/04 
7/30/04 
8/3/04 
8/6/04 
8/10/04 
8/30/04 
9/1/04
9/28/04
10/18/04
11/15/04
12/13/04
1/19/05
2/4/05
2/17/05
3/16/05
4/6/05
4/26/05
5/17/05
6/7/05
6/16/05
6/30/05
top o f pipe w/ 
T attatched
Northing
Easting
Elevation
985776
847317
3200.3
time Depth to water
Elevation o f 
Water
9:50a 44.15 3156.15
9:35a 41.27 3159.03
9:07a 40.11 3160.19
9:42a n/m
11:10a 38.03 3162.27
9:53a 39.14 3161.16
9:04a n/m
10:27a 45.47 3154.83
10:15a n/m
9:10a 42.78 3157.52
12:42p 47.04 3153.26
10:10a 47.54 3152.76
12:20p 43.85 3156.45
12:20p 43.22 3157.08
l:00p 43 3157.3
10:00a 42.04 3158.26
l:00p 42.74 3157.56
l:30p 44.15 3156.15
2:00p 45.45 3154.85
10:30a 45.13 3155.17
9:00a 45.51 3154.79
9:00a 46.36 3153.94
9:00a 46.67 3153.63
9:00a 46.58 3153.72
9:00a 44.65 3155.65
9:00a 39.34 3160.96
11:00a 37.28 3163.02
9 :10a 37 .83 3162 .47
11:00a 38.35 3 161 .95
Pumping y/n 
had been 
n 
n
had been 
n 
n 
n
y
y
n
y
y
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
3164
3162
3160
3158
3 156
3 154 pumping
3152
4 /2 3  5 /28  7/2 8 /6  9 /10 10/15 11/19 12/24 1/28 3/4 4 /8  5 /13 6 /17
109
S a m p l e
N a m e
MM2
Location/ Description Company Well # 
M adison 
M onito ring  W ell 2
n e a r  R iver
screened above and below static water level
Weil Log
0
1
5
10
15
20
25
30 sa w  s lo ts
1-18 
gravel & sand
18-30
sand
30-35 
sand «rvL H-,0
-------------------------------
35-40 
silty sand & gravel40 ----- —
4 5  ----------- ------------------------
40-55
5 0  -------------------------------------- gravel sand c-' HjO
■
GWIC
Total
depth Diameter
Date
55
time
2"
Depth to 
water
Elevation 
o f Water
5/14/04 36.68 3159.22
5/19/04 36.57 3159.33
5/25/04 11:00a 35.76 3160.14
6/2/04 10:00a 34.61 3161.29
6/9/04 2:00p 33.86 3162.04
6/16/04 10:20a 34.19 3161.71
6/22/04 10:40a 35.11 3160.79
6/30/04 9:43 a 35.41 3160.49
7/9/04 10:15a 36.05 3159.85
7/19/04 10:00a 37.1 3158.8
7/22/04 10:00a 37.1 3158.8
7/27/04 9:42a 37.12 3158.78
7/30/04 10:05a 38.95 3156.95
8/3/04 11:55a 39.04 3156.86
8/6/04 9:30a 39.33 3156.57
8/10/04 10:59a 39.65 3156.25
8/13/04 10:04a 40.06 3155.84
9/2/04 6:00p 38.73 3157.17
9/19/04 10:20a 38.05 3157.85
9/28/04 9:30a 37.77 3158.13
10/17/04 11:40a 38.28 3157.62
11/14/04 11:15a 40.02 3155.88
12/13/04 2:50p 41.47 3154.43
1/19/05 3:08p 40.69 3155.21
2/4/05 11:15a 41.57 3154.33
2/17/05 2:55a 42.18 3153.72
3/4/05 11:05a 42.8 3153.1
3/16/05 11:35a 42.58 3153.32
3/29/05 l:48p 42.81 3153.09
4/6/05 11:06a 42.3 3153.6
4/14/05 110:24a 41.58 3154.32
4/26/05 11:11a 40.27 3155.63
5/5/05 2:15p 38.9 3157
5/17/05 11:45a 34.98 3160.92
5 /25/05 1:50p 33 .95 3161 .95
6 /7 /05 10:20a 32 .86 3163 .04
6/16 /05 11:05a 33 .36 3162 .54
6 /30 /05 9:45a 34.02 3161 .88
Northing 985935.1
top of
pvc
Easting 847253.5
Elevation 3195.9
3164
3162
3 160
3158
3 154
10/25 11/29
110
S a m p l e  C o m p a n y  W e l l
N a m e  L o c a t i o n /  D e s c r i p t i o n  #
M adison M onito ring  W est 
M M 4  o fP 3 4  ^
W ell Log
1-18 
gravel & s
saw slots
sand crvi, H ,0
35-40
silty sand & gravel
40-55 
g ra v e l s a n d  c.' 
H;0
screened above and below static water level
GWIC
Total
depth Diameter
Date
55
time
2"
Depth to 
water
Elevation 
o f Water
5/14/04 10:30a 38.96 3159.34
5/19/04 11:10a 39.11 3159.19
5/25/04 12:40p 37.77 3160.53
6/2/04 10:24a 36.57 3161.73
6/9/04 2:58p 35.82 3162.48
6/16/04 12:00p 36.04 3162.26
6/22/04 8:40a 36.78 3161.52
6/30/04 10:10a 37.21 3161.09
7/9/04 9:16a 37.69 3160.61
7/19/04 10:23a 39.64 3158.66
7/30/04 9:25a 40.83 3157.47
8/10/04 12:14p 41.91 3156.39
8/13/04 10:38a 42.07 3156.23
9/1/04 12:46p 40.92 3157.38
9/2/04 6:30p 40.73 3157.57
9/19/04 11:10a 40.84 3157.46
9/28/04 9:50a 40.47 3157.83
10/17/04 4:46a 41.18 3157.12
11/14/04 12:20p 42.1 3156.2
12/13/04 2:15p 43.6 3154.7
1/19/05 10:30a 42.99 3155.31
2/4/05 11:45a 43.62 3154.68
2/17/05 3:40p 44.12 3154.18
3/16/05 12:40p 44.5 3153.8
4/6/05 12:00p 44.22 3154.08
4/26/05 12:00p 42.46 3155.84
5/17/05 9:15A 36.96 3161.34
6/7/05 10:50a 34.85 3163.45
6/16/05 1 2 :llp 35.26 3163.04
6/30/05 9:40a 35.98 3162.32
top o f
Northing 985713
pvc Easting 847230
Elevation 3198.3
3164
3160
9/20 10/25 11/29 3/14 4/18 5/23 6/27
111
Sample
Name Location/ Description 
Madison Monitoring 
M M 5  North of P34
Company Well # GWIC 
5
Total
depth Diameter
0
1
5
10
15
20
25
30
35
40
45
50
55
W e ll L o g
saw slots
1-18 
gravel & sand
18-30
sand nrvl, H-O
35-40
silty sand Sc. gravel
40-55  
gravel sand c/ HiO
screened above and below static water level
55 2"
Depth to Elevation
Date time water of Water
5/14/04 39.69 3159.51
5/19/04 39,82 3159.38
5/25/04 12:00p 38.43 3160.77
6/2/04 11:00a 37.31 3161.89
6/9/04 3:26p 36.55 3162.65
6/16/04 ll:30p 36.76 3162.44
6/22/04 10:10a 37.74 3161.46
6/30/04 10:35a 38.06 3161.14
7/9/04 9:52a 38.74 3160.46
7/19/04 11:00a 40.42 3158.78
7/30/04 9:47a 41.61 3157.59
8/13/04 11:05a 42.75 3156.45
9/2/04 6:20p 41.44 3157.76
9/16/04 9:46a 41.23 3157.97
9/19/04 11:10a 40.84 3158.36
9/28/04 9:50a 40.47 3158.73
10/17/04 4:46 41.18 3158.02
11/14/04 12:14p 42.8 3156.4
12/13/04 2:15p 44.26 3154.94
1/20/05 4:07p 43.15 3156.05
2/4/05 11:40a 44.31 3154.89
2/17/05 3:30p 44.85 3154.35
3/16/05 12:15p 45.26 3153.94
4/6/05 11:55a 44.96 3154.24
4/14/05 11:12a 44.44 3154.76
4/26/05 11:50a 43.13 3156.07
5/17/05 12:40P 37.73 3161.47
5/25/05 2:34p 36.63 3162.57
6/7/05 10:52a 35.52 3163.68
6/16/05 11:54a 35.98 3163.22
6/30/05 10:00a 36.66 3162.54
Northing 985843.8
top of
pvc Easting 847384.1
Elevation 3199.2
3166
3164
3162
3160
3158
3156
3154
3152
5/3 6/7 7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/1
112
S a m p l e  N a m e  L o c a t i o n /  D e s c r i p t i o n
Under Madison S t Bridge 
North Side N of Bike tr.
W ell Log
Company Total
W ell# GWIC depth Diameter Northing
top
70 2" o f
pvc Easting
Depth to Elevation of
Date time water Water Elevation 3193.54
T O "
O 36’ static 
40-50
5-10 sandy soil w / chipped 
gravels and rounded pebbles 
10-15 silty to sandy soil w / 
pebbles
15-20pebbles to cobbles w / silt to 
fine sand 
20-25dripped red & green 
argillite w / silty sand 
25-30 argillite pebbles w / silt & 
sand
30-35 pebbles to cobbles sand 
and clav 
30-35 coarse sandy pebbles 40%  
sand 60% pebbles 
35-40 coarse sandy pebbles w / 
minor clay and cobbles 
40-45 rounded pebbles w / silt 
and coarse sand 
45-50 pebbles and cubbies w- |
50-55 silty granular sand 
5 5 -bU subrounded pebbles and 
granular sand
60-65 granular sands to pebbles
10/8/04
10/17/04
10/22/04
11/14/04
12/13/04
1/20/05
1/28/05
2/4/05
2/17/05
3/4/05
3/17/05
3/29/05
4/6/05
4/14/05
4/26/05
5/5/05
5/17/05
5/25/05
6/7/05
6/16/05
l:29p
2:40p
1:24a
11:37a
2:30p
5:25p
2:16p
10:10a
4:30p
4:00p
3:19p
12:12p
l:45p
4:20p
l:23p
5:00p
12:05p
4:25p
3;49p
36.29
36.56
36.99
38.5 
39.85
38.5
39.31 
39.8
40.5
41.07
40.88
41.05 
40.43
40.02
38.32
37.2
31.89
31.08
29.89 
31.27
3157.25
3156.98
3156.55
3155.04 
3153.69
3155.04 
3154.23 
3153.74
3153.04 
3152.47 
3152.66 
3152.49 
3153.11 
3153.52 
3155.22 
3156.34
3161.65 
3162.46
3163.65 
3162.27
6/30/05 11:20a 3161.5132.03
3166
3164
3162
3160
3158
3156
3154
3152
3150
3/19 4/231/8 2/12 7/25/28 8/612/410/309/258/21
113
S a m p l e
N a m e
DH2
Location/ Description
Under Madison St. Bridge south side N of Kim 
Williams tr.
0
5
10
15
19
20 
25 
30 
35 
40 
45 
50
55
60
65
70
W ell Log
topsoii/graveü fill 
silty fine sandy loam 
75% pebbles & 25% sand
85% pebbles 15% sand
50%sm pebbles 40%% granular sand 10% 
med sand 
80% pebbles 10%cobbles &
10% med sand 
SS%% pebbles to gravels 15% coarse
33' static 
water
granular sand to sm  gravels & cobble 
chips Silty water
; granule sand to pebbles
■ 60% coarse granular sand 40% sm
: pebbles & cobble chips
:qu“/b peoDies-gravei 4u% coarse
:sand
GWIC
Total
depth
70
Diameter
2"
Date time
Depth to 
water
Elevation 
o f  Water
9/30/04 33.71 3157.47
10/17/04 11:50a 34.28 3156.9
10/22/04 3:30p 34.6 3156.58
11/14/04 11:34a 36.04 3155.14
12/13/04 2:40p 37.44 3153.74
1/19/05 3:10p 36.57 3154.61
1/20/05 10:30a 36.57 3154.61
2/4/05 11:07a 37.58 3153.6
2/17/05 2:45p 38.14 3153.04
3/4/05 11:30a 38.8 3152.38
3/16/05 11:45a 38.5 3152.68
3/28/05 2:09p 38.8 3152.38
4/6/05 12:12p 38.11 3153.07
4/14/05 10:47a 37.71 3153.47
4/26/05 11:50A 36.28 3154.9
5/5/05 2;26P 35.04 3156.14
5/17/05 12:40p 31.11 3160.07
5/25/05 2:10p 30.04 3161.14
6/7/05 10:40a 28.82 3162.36
6/16/05 11:24a 29.43 3161.75
6/30/05 9:55a 30.09 3161.09
Northing
top o f  
pvc Easting
Elevation 3 1 9 1
3164
3156
3154
8/31/04 10/5/04 11/9/04 12/14/04 1/18/05 2/22/05 3/29/05 5/3/05 6/7/05 7/12/05
114
S a m p l e
N a m e
Location/
Description
Madison WQD 
W Q M  Monitoring
Company Well # 
WQD 29
Well Log
0
2.5
5
7.5 
10
12.5 
15
17.5
20
22.5
25
27.5 
31
32.5 
35
37.5
40
42.5  
45
47.5
50
51
54.5
screened
'̂11
îrF
1C
S-IO
tan silty sand some pebblechips
10-15 sOtysiutd tan with 
pebble: & cobbles fed & green 
quartzites and siltitea
1 5 2 3
\vo( g ro u n d
23-30 sand
gravel w et pebbles &  cobbles rd 
& grn quartzites &  siltites
30-* 3 5 sand gravel wet 
pebbles &  cobbles many 2-3 cm
GWIC
Total
depth
Diamete
r
15119 54.5 6"
Date time
Depth 
to water
Elevation
Water
5/14/04 12:40p 33.17 3158.21
5/25/04 11:15a 31.95 3159.43
6/9/04 l;43p 29.96 3161.42
6/22/04 11:00a 31.23 3160.15
7/9/04 10:38a 32.24 3159.14
7/30/04 10:31a 35 3156.38
9/2/04 5:56p 34.73 3156.65
9/28/04 9:38a 33.89 3157.49
10/17/04 4:25p 34.65 3156.73
11/14/04 11:40a 36.11 3155.27
12/13/04 2:41p 37.5 3153.88
1/19/05 3 :00pm 36.88 3154.5
2/4/05 11:10a 37.7 3153.68
2/17/05 2:50p 38 3153.38
3/4/05 11:45a 38.85 3152.53
3/16/05 11:45a 38.45 3152.93
3/29/05 l:50p 38.06 3153.32
4/6/05 11:50a 38.06 3153.32
4/26/05 11:15a 36.45 3154.93
5/17/05 I2:00p 30.43 3160.95
6/7/05 10:33a 29.07 3162.31
6/16/05 11:50a 29.58 3161.8
6/30/05 9:30a 30.04 3161.34
Northing 9 85926 .8
top o f
metal
casing Easting 847038 .4
elevation 3191.38
3164  -t
3162
3160
3158
3156
3154
3152
2/7  3 /14 4 /18  5 /23 6/276 /7  7 /12  8 /16  9 /20  10/25 11/29 1/3 8/15/3
115
S a m p l e
N a m e  L o c a t i o n /  D e s c r i p t i o n Company Well # GWIC
Total
depth Diameter
W estern  M ontana C linic MCS environmental 
WM2 M onito ring  W ell #2 11022.002 MW2
W ell Log
0
7
12
1 6 .5
21
25
3 0
35
0-7 FILL
7-12 Gravely sand
12-16.5 sandy gravel 
alluvium w/ few 
cobbles
16.5-21 sandy gravel
21-25coarse sand
25-40 sandy gtavel
4 0  --------------- Screened---------
40-45 sandy gravel w/ 
silt
45- 64.6 sandy gravel 
w / few cobbles
5 0  ----------------- m .gtiTi-----------------
55 -----------------------------------------------
60  --------------------------------------------
6 5  .....................................................
65' 2"
Date time
Depth to 
water
Elevation 
o f Water
8/13/04 11:40a 51.88 3146.37
9/19/04 12:00p 51.02 3147.23
9/28/04 7:00p 50.51 3147.74
10/17/04 51.12 3147.13
11/14/04 I l O p 52.56 3145.69
12/13/04 10:34a 53.96 3144.29
2/4/05 l;37p 54.16 3144.09
2/17/05 l:00p 54.56 3143.69
3/16/05 3:20p 54.93 3143.32
4/7/05 5:56p 54.71 3143.54
4/14/05 12:23p 54.32 3143.93
4/26/05 5:00p 53.1 3145.15
5/5/05 11:20a 51,88 3146.37
5/17/05 5:41p 49.08 3149.17
5/25/05 10:51a 47.72 3150.53
6/7/05 7:16p 45.55 3152.7
6/16/05 3:30p 46.53 3151.72
6/30/05 9:50a 46.72 3151.53
Northing
top
of
pvc
Easting
Elevation 3 1 9 8
3154
3152
3150
3148
3146
3144
3142
1/8 2/12 3/19 4/2312/4 5/2810/30 7/2 8/69/258/217/17
116
S a m p l e  L o c a t i o n /
N a m e  D e s c r i p t i o n
Blaine & 
B L D  C rosby  Deep
Company Well # 
WQD 21
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
no
115
118
W ell L og
sc re e n e d
2(
0-1 topso il
1-24
sandy gravel grey 
brown
/ Sill some sand 
& grave!
27-34 sandy gravel
34-47 gravel w / silt & 
sand
47-57 sandy giavcl 
little to no silt
sta tic  w tr Ivl 63-67 clayey gravel
67-118
Sandy
Gravel
GWIC
157208
Total
depth
118
Diameter
4"
Northing
steel
Easting
Elevation
983108.9
843315.4
3204.98
Depth to Elevation o f
Date time water water
5/8/04 11:00a 66.2 3138.78
5/16/04 9:00a 65.57 3139.41
5/19/04 8:40a 65.24 3139.74
5/25/04 l:30p 64.2 3140.78
6/9/04 11:28 62.42 3142.56
6/22/04 12:00p 62.05 3142.93
7/9/04 11:30a 62.88 3142.1
7/30/04 11:16a 64.91 3140.07
9/2/04 3:47p 65.92 3139.06
9/28/04 8:10a 64.9 3140.08
10/17/04 9:41a 65.43 3139.55
11/14/04 9:40a 66.63 3138.35
12/13/04 9:30a 67.87 3137.11
1/19/05 9:30a 68.65 3136.33
2/4/05 10:25 68.44 3136.54
2/17/05 11:23 68.69 3136.29
3/16/05 10:22a 69.27 3135.71
4/6/05 10:22a 69.3 3135.68
4/26/05 10:20a 68.38 3136.6
5/17/05 10:30a 64.99 3139.99
6/7/05 9:32a 61.98 3143
6/16/05 10:25a 61.23 3143.75
6/30/05 9:24a 61.69 3143.29
7/14/05 1 2 :llp 63.02 3141.96
3144
3138
3137
7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/1 9/5
117
S a m p l e
N a m e
Location/
Description
B laine &  C rosby  
BLS Shallow
Company Well # 
W QD 31
0
5
10
15
20
25
30
35
40
45
50
55
60
66.3
70
76.3
Well Log
Static wtr Ivl 66 A 
 gefoened---
GWIC
151190
0-15 
sand & gravel
30-35 very fine sand clay 
1
70-76.3 bottom
Total
depth Diameter
76.3' 4"
Date time
Depth to 
water
Elevation 
o f  water
5/8/04 11:40a 66.77 3137.5
5/14/04 12p 65.24 3139.03
5/25/04 2:00p 63.84 3140.43
6/9/04 11:43a 62,07 3142.2
6/22/04 12:10p 61.5 3142.77
7/9/04 11:40a 62.35 3141.92
7/30/04 12:25p 64.54 3139.73
9/2/04 3:50p 65.54 3138.73
9/28/04 8:10p 64.52 3139.75
10/17/04 9:54a 64.99 3139.28
11/14/04 9:58a 66.26 3138.01
12/13/04 9:20a 67.56 3136.71
1/19/05 9:25a 68.36 3135.91
2/4/05 10:25a 68.11 3136.16
2/17/05 11:23a 68.39 3135.88
3/16/05 10:20 68.94 3135.33
4/6/05 10:15a 68.95 3135.32
4/26/05 10:15a 68.05 3136.22
5/17/05 10:30a 64.64 3139.63
6/7/05 9:30a 61.55 3142.72
6/16/05 10:20a 60.93 3143.34
6/30/05 9:30a 61.25 3143.02
Northing 983118
top o f
PVC
Easting 843321.8
Elevation 3204.27
3140
3138
3136
5/3 6/7 7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/1
118
Sample
Nam e
HGS
Location/ 
Description 
H ellgate P a rk  
Shallow
Company Well # 
MWSW2S
0 Well Log
5 0-5 gravel 511
10 5-10 silty loam
15 10-15 silty loam
20 15-20 Silty Sand
25 29.42
uoDDiey (Jravei wiiii Mity
Sand
30 static water level
25-30 Cobbley Gravel with Siity
40-45 no sample loose wet
40-45 no sample loose wet
GWIC
Total
depth Diameter
Date
51
time
16"
Depth to 
water
Elevation 
o f  water
5/5/04 28.73 3175.47
5/14/04 27.5 3176.7
5/19/04 27.55 3176.65
5/25/04 4:50p 26.13 3178.07
6/2/04 l:50p 25.08 3179.12
6/9/04 6:15p 24.49 3179.71
6/16/04 2:42p 24.83 3179.37
6/22/04 3:40p 25.4 3178.8
6/30/04 12:50p 25.73 3178.47
7/9/04 12:50p 26.3 3177.9
7/19/04 12:32p 27.42 3176.78
7/30/04 2:20p 28.77 3175.43
8/10/04 12:40p 29.85 3174.35
8/13/04 2:00p 30.21 3173.99
9/2/04 2:00p 29.86 3174.34
9/19/04 2:20 29.01 3175.19
9/28/04 5:30p 28.55 3175.65
10/17/04 3:00p 29.21 3174.99
11/14/04 4:30p 30.82 3173.38
12/13/04 12:I5p 32.32 3171.88
1/20/05 3:00p 30.24 3173.96
2/4/05 3:10p 32.04 3172.16
2/17/05 l;30p 32.79 3171.41
3/4/05 l:04p 33.46 3170.74
3/16/05 l:08p 33.25 3170.95
3/29/05 12:30p 33.46 3170.74
4/6/05 12:30p 32.86 3171.34
4/14/05 l:04p 32.18 3172.02
4/26/05 12:12 30.59 3173.61
5/5/05 12:00 29.3 3174.9
5/17/05 12:55 25.1 3179.1
5/25/05 l:05p 23.96 3180.24
6/7/05 12:14p 22.88 3181.32
6/16/05 12:35p 23.82 3180.38
6/30/05 11:35a 24.34 3179.86
top
Northing 984199
of Easting 853730pvc
Elevation 3204.2
3180
3176
3174
3170
5/3/04 6/22/04 8/11/04 9/30/04 11/19/04 1/8/05 2/27/05 4/18/05 6/7/05 7/27/05
119
105 
I 10 
115 
120 
125 
130 
135 
140 
145 
14* 
155 
100 
165 
170 
175 
1*0 
1*5 
I'TO 
195 
200 
205
229
231
235
Well Log
0-5 gravel fill
5-10  silty loam
10-15 silty loam
1 5 - 2 0  S i l t y  S a n d
20-25 Cobbley G ravel w  Silty Sand
25-30 Cobbley Gravel w Silty sand
Sample Name
HGD
top o f  pvc
2 6  8 4
Static water
40-45 no sam ple loose wet
45-50 no sample loose wet
60-70Pebbley Gravels w/ Coarse Sand 
70-75 Cobbley Gravel v,/ coarse sand
75-90 Pebbley Gravels with Coarse Sand
95-100 Pebbley Gravels w/ Coarse Sand
120 slot
103-125 SUty Sand
125-130 Fine Sand
130-140 Silty Sand
140-148 Fine Sand
Location/ 
Description 
H ellgate P a rk  
Deep
Company
W ell#
M SW SID
Northing
Easting
Elevation
984193.4
853729.7
3203.7
Total depth 
172
Date time water water
5/5/04 28.64 3175.06
5/8/04 27.27 3176.43
5/16/04 27.24 3176.46
5/19/04 27.42 3176.28
5/27/04 9:20a 25.86 3177.84
6/2/04 1:20 24.92 3178.78
6/9/04 7:04p 24.34 3179.36
6/16/04 1:36 24.66 3179.04
6/22/04 3:50p 25.26 3178.44
6/30/04 11:45a 25.59 3178.11
7/9/04 l:40p 26.15 3177.55
7/19/04 11:30a 27.29 3176.41
7/30/04 2:20p 28.63 3175.07
8/10/04 12:45p 29.73 3173.97
8/13/04 12:58p 30.06 3173.64
9/2/04 2:00p 29.71 3173.99
9/19/04 2;15p 29 3174.7
9/28/04 5:30p 28.41 3175.29
10/17/04 3:00p 29.09 3174.61
11/14/04 4:20p 30.73 3172.97
12/13/04 12:10p 32.15 3171.55
1/20/05 3:00p 30.08 3173.62
2/4/05 3:10p 31.88 3171.82
3/4/05 l:04p 33.27 3170.43
3/16/05 l:10p 33.15 3170.55
3/29/05 12:31p 33.28 3170.42
4/6/05 12:35p 32.82 3170.88
4/26/05 12:10p 30.47 3173.23
5/17/05 l;00p 24,88 3178.82
6/7/05 12;14p 22.86 3180.84
6/16/05 12:35p 23.67 3180.03
6/30/05 12:00p 24.21 3179.49
Diameter
4"
3180
3174
3170
3168
10/18 11/29 1/10 2/21 5/16 6/276/14 7/26
120
Sample Name Location/ Description 
H G R. Hellgate River
Northing 
Easting 
Elevation o f  0 on 
staffWI
984074.3
853431
3185.74
Staff Guage #2 3185.510833
StaffG uage#3 3184.9
Satff Guage #4
Staff guage #1
3184.93
3185.74
Date
4/28/04
5/5/04
5/14/04
5/19/04
5/25/04
6/2/04
6/9/04
6/16/04
6/22/04
6/30/04
7/9/04
7/19/04
7/22/04
7/27/04
7/30/04
8/3/04
8/6/04
8/10/04
8/13/04
9/2/04
9/19/04
9/26/04
10/17/04
11/14/04
12/13/04
1/20/05
2/4/05
2/17/05
3/4/05
3/16/05
3/29/05
4/6/05
4/14/05
4/26/05
5/5/05
5/17/05
5/25/05
6/7/05
6/16/05
time reading on staff elevation o f  water
12:00p
11:40a 
4/1 Op
4:00p 
5 :00p 
l:30p  
7:09p 
l:50p  
4;12p
12;00p
l:23p  
11:48 
11:00 
11:37a 
2;30p 
IrOOp 
10:31a 
12:50p 
l:10p
2.20p
2:20p
2:30p
3,07p
4:30p
12:20p
3:15p
3:25p
l:40p
l:45p
l:15p
I2:36p
12:45P
l;25p
12;25p
12;00p
I:15p
l:00p
12:30p
12;40p
1.75
1.86
2.41
2.48
2.51
2.18
1.44
1.40
0.65
0.35
0.21
0.26
0.06
0.55
0.56
0.49
0.33
0.65
0.92
1.13 
0.94 
0.78  
0.84
ice 
ripped out 
0.21 
0.53 
0.75
1.05
1.05 
1.63 
2.43
2.13 
4.00 
3.50 
4.20 
2.83
3187.49
3187.60
3188.15
3188.22 
3188.25 
3187.92 
3187.18  
3187.14
3186.39  
3186.09  
3185.95 
3185.77  
3185.57
3185.45
3185.46
3185.39
3185.23 
3185.55  
3185.82  
3186.03  
3185.84  
3185.68  
3185.74
3185.14
3185.46
3185.68
3185.98
3185.98
3186.56 
3187.36  
3187.06  
3189.74  
3189.24 
3189.94
3188.57
3188.1512:25p 2.416/30/05
3191.00
3190 .00
3189.00
3188.00
3187 .00
3186 .00
3185 .00
3184 .00
10/15 11/19 12/24 1/28 3/49/10 4/8 5/138/67/2 6/175/284/23
121
Sample Location/ 
Nam e Description 
G reg o ry  P a rk  
V ine & 
G R G  Jackson
Company Well U 
WQD 28
Well Log
5
10 5-10 sand; smaller pebbles 
I u-1 o saiiu oi, pedbltSI dàrtip 
& green quartzite and argillite 
pebbles up to 1 cm  
i 5-ZU ig boulders quartzite
static WL 25 6 pebbles
Zi-JUMud: water at / y  some 
larg pebbles
GWIC
Total
depth Diameter
150967 45 6"
Date time
Depth to 
water
Elevation 
o f Water
5/8/04 21.53 3203.57
5/16/04 22.93 3202.17
5/19/04 liOOp 22.65 3202.45
5/27/04 9:00a 21.78 3203.32
6/2/04 11:41a 19.9 3205.2
6/10/04 l:00p 21.8 3203.3
6/16/04 12:30 22.07 3203.03
6/23/04 10:15a 22.65 3202.45
6/30/04 11:00a 22.94 3202.16
7/8/04 4:00p 23.13 3201.97
7/19/04 l:18p 23.18 3201.92
7/29/04 4:22p 23.15 3201.95
8/13/04 12:05p 23.82 3201.28
8/31/04 7:20p 23.03 3202.07
9/19/04 12:55p 22.32 3202.78
9/28/04 5:51p 23.04 3202.06
10/17/04 2:10p 24.77 3200.33
11/15/04 5:30p 25.56 3199.54
12/13/04 l:30p 25.99 3199.11
1/20/05 5:10p 25.01 3200.09
2/5/05 12:09p 25.75 3199.35
2/18/05 10:55a 26.32 3198.78
3/4/05 2:58p 26.54 3198.56
3/16/05 9:45a 25.93 3199.17
3/29/05 11:19a 25.83 3199.27
4/7/05 5:22p 25.7 3199.4
4/14/05 l:45p 25.23 3199.87
4/26/05 4:35p 23.91 3201.19
5/5/05 12:20p 24.83 3200.27
5/17/05 2:04p 21.9 3203.2
5/25/05 11:15a 22.38 3202.72
6/7 /05 4 :4 0 p 19.2 3205 .9
6 /16 /05 2 :10p 21.38 3203 .72
6/30 /05 12:25p 22 .13 3202 .97
Northing 987827
top
o f
steel Easting 848899
Elevation 3225.1
3208
3200
3198
9 /20  10/25 11/29
122
S a m p l e
N a m e  L o c a t i o n /  D e s c r i p t i o n
W hite  P ine & Sache 
W PS H aw th o rn  &  Defoe
Company Well # GWIC
WPS 32
5
10
15
20
25
30
35
4U
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
Well Log
Static w tr Ivl
screened
Hollow Stem Auger 
Ü-5 sandy silt w / gravel 
& wood chips
5 -1 Slight brown saiidj 
gravel
15-32 moist light brown 
silty sand & gravel
32- 35 M oist light 
brown siltv sand
1 " clay leiise
35-50 moist light 
brown silty sand Swith 
  gravel
Remaining i  
Air Rotary Drilled
50 water 
50-130  
silty sand
with gravel
20 slot
Total
depth Diameter
130 2"
Depth to Elevation
Date time water Water
5/14/04 57 3143.7
5/25/04 3:40p 56.5 3144.2
6/9/04 4:45 54.21 3146.49
6/22/04 1:45 54.02 3146.68
7/9/04 2:30p 54.53 3146.17
7/30/04 I l O p 56.32 3144.38
9/2/04 2:53p 57.76 3142.94
9/28/U4 5:13p 57.28 3143.42
10/17/04 12:38p 57.67 3143.03
11/14/04 12:43p 58.94 3141.76
12/13/04 10.:06a 60.27 3140.43
1/20/05 1I:30A 61.08 3139.62
2/5/05 11:56a 60.68 3140.02
2/18/05 11:15a 60.92 3139.78
3/16/05 2:08p 61.33 3139.37
3/29/05 9:56a 61.44 3139.26
4/7/05 5:38p 61.22 3139.48
4/14/05 11:53a 60.93 3139.77
4/26/05 4:50p 59.99 3140.71
5/5/05 10:50a 58.69 3142.01
5/17/05 5:30p 56.38 3144.32
5/25/05 10:30a 54.75 3145.95
6/7/05 4:55p 53.49 3147.21
6/16/05 3:00p 53.09 3147.61
6/30/05 12:48p 53.16 3147.54
Northing 992296
top
of
pvc
Easting 842565
Elevation 3200.7
3149
3148
3146
3145
3143
3138
10/25 11/29
123
Location/
Sample N am e Description 
RON 828 R onald
Well Log
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
Rotary
owner
Helena
Maclay
GWIC
69129
Total depth Diameter 
80 6"
Date time
Depth to 
water
Pumping
y/n
Elevation 
o f Water
4/6/05 10:50a 62.61 n 3148.69
4/26/05 10:50a 61.05 n 3150.25
5/17/05 11:23a 56.68 n 3154.62
6/7/05 10:05a 54.42 n 3156.88
6/16/05 10:40a 54.43 n 3156,87
6/30/05 9:37a 55.1 n 3156.2
Top Northing 984915.7
o f
Steal Easting 845672.5
Elevation 3211.3
static w tr Ivl 
55ft
Open
bottom
3158
3157
3156
3150
3149
3148
3/29/05 4/8/05 4/18/05 4/28/05 5/8/05 5/18/05 5/28/05 6/7/05 6/17/05 6/27/05 7/7/05
124
S a m p l e
N a m e
S&B
Location/ 
Description 
South & 
Bancroft WQD 33
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
Well Log
static wtr Ivl
0-7 Fill
7-15 sand & gravel
15-20 fine sand
20-30 med sand & gravel
30-40 sand & coarse gravel
40-50 med- coarse sand & 
gravel
50-55 fine sand & gravel
55-60 coarse sand & gravel
#60 slot
GWIC
Total
depth Diameter
Steel & Northing 979839
69402 70.3 4" P V C Easting
Elevation
841755
3193.6
Date time
Depth to 
water
Elevation  
o f water
5/16/04 57.7 3135.9
5/25/04 8:40a 55.92 3137.68
6/10/04 11:39a 54.21 3139.39
6/23/04 8:30a 54.04 3139.56
7/8/04 6;00p 54.82 3138.78
7/29/04 2:50p 56.53 3137.07
9/1/04 4:20p 57.62 3135.98
9/28/04 8:00p 56.52 3137.08
10/10/04 2:00p 56.67 3136.93
10/17/04 12:36 56.8 3136.8
11/16/04 2;30p 58.23 3135.37
12/14/04 l:40p 59.15 3134.45
1/20/05 5:45p 60.03 3133.57
2/6/05 4:35p 59.84 3133.76
2/18/05 11:20a 60.04 3133.56
3/17/05 3:38p 60.65 3132.95
4/7/05 7.03p 60.91 3132.69
4/26/05 5:28p 60.34 3133.26
5/17/05 6:05p 57.34 3136.26
6/7/05 5:15p 53.85 3139.75
6/17/05 10:34a 53.33 3140.27
6/30/05 8:20a 53.59 3140.01
3139
3137
3134
9/20 10/25 11/29 3/14 4/18 5/23 6/27 8/1
125
Well Log
S a m p l e  L o c a t i o n /
N a m e  D e s c r i p t i o n
Larchmont 
Golf Course 
L G D  Deep
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
102
Company Well # 
WQD 20
static wtr Ivl 
38
screened
20 slot
20-30 siltv' sand vv clav
30-35 sandy gravel w/  silt
35-46 sandy gravel w / clay 
&silt
46-67 silty gravel
67-75 sandy gravel
7 5 -8 0  s a n d
80-96 gravel w/ sand
96-102 clayey sill non water 
bearing
GWIC
Total
depth Diameter Northing 9 76419
157210 97 4"
Steel
Easting
Elevation
832692
3164.1
Date time
Depth to 
water
Elevation 
of water
5/16/04 36.74 3127.36
5/27/04 8:10a 35.61 3128.49
6/10/04 11:24 34.49 3129.61
6/23/04 8:45a 34.54 3129.56
7/9/04 5:40p 35.29 3128.81
7/29/04 2:40p 36.7 3127.4
9/1/04 4:40p 37.09 3127.01
9/28/04 7.50P 36.56 3127.54
10/17/04 11:50A 37.09 3127.01
11/14/04 2:10p 37.67 3126.43
12/14/04 12;58p 38.22 3125.88
1/19/05 5:23p 38.77 3125.33
2/6/05 4:07p 38.59 3125.51
2/18/05 11:54a 38.82 3125.28
3/17/05 3:llp 38.95 3125.15
4/7/05 7;17p 39.02 3125.08
4/26/05 6:03 38.57 3125.53
5/17/05 6:37 36.42 3127.68
6/7/05 5:25p 34.5 3129.6
6/17/05 9:51a 34.39 3129.71
6/30/05 8:45a 34.44 3129.66
3130
3129
3128
3127
3126
3125
3124
6/7 7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/15/3
126
Sample
Name
Location/
Description Company Well #
Total
GWIC depth Diameter Northing 976412.8
L G S
0
L arch m o n t 
G o lf C ourse 
Shallow  
Well Log
WQD 6 151201 51 4"
Steel
Easting
Elevation
832689.5
3164
static w tr Ivl 
screened
2 0  s lo t
Depth to Elevation of
15-17 clay
17-18 gravel & clay
18-24 sand
24-39 sand and gravel
39-44 sand & gravel some
44-45 gravel & clay
45-51 gravel some silt & 
clay
Date time water water
5/16 36.68 3127.32
5/27 8:10a 35.55 3128.45
6/10 11:24a 34.42 3129.58
6/23 8:45a 34.47 3129.53
7/8
7/29
5:40p
2:40p
35.23
36.65
3128.77
3127.35
9/1 4:40p 37.02 3126.98
9/28 7:50P 36.49 3127.51
10/17 11:50a 37.02 3126.98
11/14 2:1 Op 37.61 3126.39
12/14 12:58p 38.16 3125.84
1/19 5:23p 38.7 3125.3
2/6 4:07p 38.66 3125.34
2/18 11:54a 38.77 3125.23
3/17 3 : l l p 38.88 3125.12
4/7 7:17p 38.94 3125.06
4/26 6:03 38.49 3125.51
5/17 6:37 36.35 3127.65
6/7 5;25p 34.44 3129.56
6/17 9:51a 34.34 3129.66
6/30 8:45a 34.5 3129.5
3124
5/3 6/7 7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/1
127
S a m p l e
N a m e
McP
Location/
Description
M cC orm ick
P a rk
M onitoring
Company Well 
#
W QD 30
GWIC
69055
Total
depth Diameter
59.8 6 "
0
5
10
15
20
25
30
35
40
45
50
57
Well Log rotary
t r
II
0-40 clay sand & 
gravel
40-45 clay
45-57 silty clay 
sand & gravel
steel
Northing 988781
Easting 843489.4
Elevation 3179.3
Depth to Elevation
Date time water o f water
5/16/04 30.95 3148.35
5/27/04 10:40a 29.69 3149.61
6/10/04 I2:00p 28.31 3150.99
6/23/04 9:25a 28.57 3150.73
7/8/04 4:40p 29.04 3150.26
7/29/04 3:06p 30.97 3148.33
8/31/04 S l i p 32.27 3147.03
9/28/04 7:15p 31.53 3147.77
10/18/04 l:59p 32.17 3147.13
11/16/04 l:58p 33.65 3145.65
12/14/04 2:05p 34.92 3144.38
1/19/05 5:10p 35.46 3143.84
2/5/05 4:45p 34.33 3144.97
2/18/05 11:26a 35.32 3143.98
3/17/05 4:30p 36.13 3143.17
4/7/05 6:15p 35.9 3143.4
4/26/05 5:20p 32.95 3146.35
5/17/05 5:55p 29.91 3149.39
6/7/05 5:02p 27.34 3151.96
6/17/05 5:13p 27.64 3151.66
6/30/05 l;20p 27.8 3151.5
3153
3152
3151
3150
3149
3148
3147
3146
3145
3144
3143
3142 4
8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/15/3
128
Sample
Name Location/ Description Company Well #
H ellgate C anyon 
n e a r  V antage 
W24 V illage &  M A C
WQD 24
0
5
10
15
20
25
30
35
40
45
50
55
60
Well Log
20  slo t
rotatry
0-10 sandy silt
10-15 sandy gravel 
annilitr_____
15-35 silly coarse sand
w / 5% fine gravel
J 5 -4 0  sandy silt 5% 
finft pravfti
40-45 clayey gravel
45-55 silt sand & gravel
GWIC
Total
depth Diameter
209148 60.1 4"
Date time
Depth to 
water
Elevation 
o f  water
4/29/04 5:55p 39.37 3167.53
5/16/04 l:45p 36.73 3170.17
5/27/04 9:30a 6:43 3171.62
6/10/04 l:19p 33.81 3173.09
6/23/04 10:30a 34.72 3172.18
7/8/04 4:15p 35.4 3171.5
7/29/04 4:36p 37.92 3168.98
8/31/04 7:31p 38.99 3167.91
9/28/04 5:44 37.7 3169.2
10/17/04 1:35 38.41 3168.49
11/16/04 l:15p 40.13 3166.77
12/14/04 2:47p 41.54 3165.36
1/19/05 4:35p 39.99 3166.91
2/5/05 12:37a 41.38 3165.52
2/18/05 10,5Ia 42.08 3164.82
3/17/05 9:38a 42.43 3164.47
4/7/05 5:17p 42.02 3164.88
4/26/05 12:54 39.86 3167.04
5/17/05 1:54 34.6 3172.3
6/7/05 l:16p 32.46 3174.44
6/17/05 11:55a 33.21 3173.69
6/30/05 12:13p 33.7 3173.2
Northing 984813
top
o f
pvc Easting 851373
Elevation 3206.9
3174
3168
10/15 11/19 12/24 7/22
129
S a m p l e
N a m e
W25
Location/ 
Description 
H ellgate 
C anyon n ea r  
Easy St &  
M onum ent
Well Log
6*IS course sand and 
line gravel
20-25 silty sandy gravel
25-32 sandy silt
35-42sandy silty gravel
20 slot 55-60 clayey gravel
GWIC
Total
depth Diameter
209157 55.6 4"
Date time
Depth to 
water from 
Steel
Elevation  
o f water
4/29/04 5:45p 34.57 3181.03
5/16/04 1:20 32.7 3182.90
5/27/04 9:10 30.94 3184.66
6/10/04 1:15 29.6 3186.00
6/23/04 10:25a 30.42 3185.18
7/8/04 4:10p 31.09 3184.51
7/29/04 4:29p 33.14 3182.46
8/31/04 7;I3p 34.59 3181.01
9/28/04 5;35P 33.32 3182.28
10/17/04 3:34P 33.83 3181.77
11/16/04 l:00p 35.26 3180.34
12/14/04 2:33p 36.45 3179.15
1/19/05 4;33p 35.03 3180.57
2/5/05 12:33p 36.04 3179.56
2/17/05 10:44a 36.72 3178.88
3/17/05 9:33a 37.27 3178.33
4/7/05 5 : l lp 36.97 3178.63
4/26/05 12;48P 35.01 3180.59
5/17/05 1;49P 29.95 3185.65
6/7/05 l:14p 27.95 3187.65
6/16/05 2:03p 28.71 3186.89
6/30/05 ll:3 2 p 29.21 3186.39
Northing 984844
S teel
Easting 855563
Elevation 3215.6
3188
3187
3186
3185
3184
3180
3179
3178
9/10 10/15 11/19 12/24 1/28 7/22
130
Sample Location/
Nam e Description 
H ellgate P a rk  
ARC w est end
Company Well #
Well Log
static wtr Ivl
O S Brown Silt w/ 5% pea
gravel rounded
5-10 B row n Silt
10-14 Silty Sand, I'-ine 
G ravel
14-20 Sandy Gravel & 
Cobbles
20-40 Silty Sandy G ravel 
and Cobbles, fine to  very 
coarse gravel, subangular to  
angular.
pertbration
98-105 Sand Fine Grained
105-113 Silty Sand fine
g rain
3180
3179
3178
3177
3176
3174
3173
3170
GWIC
Total
depth
118'
Diameter
6"
Date
4/29/04
time
9:00a
Depth to 
water 
30.01
Elevation o f 
water 
3173.69
5/5/04 l;00p 28.55 3175.15
5/16/04 l:30p 27.18 3176.52
5/27/04 9:20a 25.79 3177.91
6/22/04 3:40p 25.2 3178.5
7/9/04 2:00p 26.03 3177.67
7/30/04 2:30p 28.57 3175.13
9/2/04 2:12p 29.64 3174.06
9/26/04 3 : l lp 28.43 3175.27
10/8/04 4:30p 28.64 3175.06
10/17/04 3:16p 29.03 3174.67
11/14/04 4:40p 30.67 3173.03
12/13/04 12:25p 32.11 3171.59
1/20/05 3:09p 30.05 3173.65
2/4/05 3:15p 31.83 3171.87
2/17/05 2:40p 32.57 3171,13
3/4/05 l:30p 33.21 3170.49
3/17/05 l:15p 33.04 3170.66
3/29/05 12:34p 33.21 3170.49
4/6/05 12:50p 32.77 3170.93
4/26/05 12:15P 30.39 3173.31
5/17/05 2:20P 24.87 3178.83
6/7/05 l:47p 22.8 3180.9
6/16/05 l:00p 23.5 3180.2
6/30/05 12:10p 24.15 3179.55
Northing 984282
Easting 853557
Elevation 3203.7
9/10 10/15 11/19 12/24 1/28 7/22
131
Sample Nam e
RAB
Location/ Description 
R a ilro ad  St. B ridge 
R attlesnake C r. stage 
m easurem ents
Horizontal distance 
to vertical drop
North Side o f  Bridge 6th Vertical 
from the East, Northeast Bolt. 0.65
Northing 988174,7
Easting 848450.1
Elevation 3219.7
Date time
Verticle drop to 
Depth to water water Elevation o f water
5/16/04 13.75 13.1 3206.6
5/27/04 8:50a 13.23 12.58 3207.12
6/10/04 12:50 13.42 12.77 3206.93
6/23/04 10:11 13.47 12.82 3206.88
7/8/04 3:55p 14.05 13.4 3206.3
7/29/04 4:15p 14.35 13.7 3206
8/31/04 7:26p 14.31 13.66 3206.04
9/28/04 5:53p 14.06 13.41 3206.29
10/17/04 2:20P 14.15 13.5 3206.2
11/14/04 l:45p 14.29 13.64 3206.06
12/13/04 l:35p 14.2 13.55 3206.15
1/20/05 5:10p 13.89 13.24 3206.46
2/5/05 12:15p 14.15 13.5 3206.2
2/18/05 10:54a 14.2 13.55 3206.15
3/4/05 2:40P 14.35 13.7 3206
3/17/05 9:50a 14.1 13.45 3206.25
3/29/05 11:15a 14 13.35 3206.35
4/7/05 5:24p 14.03 13.38 3206.32
4/26/05 4:37P 13.35 12.7 3207
5/17/05 2: OOP 12.9 12.25 3207.45
6/7/05 4.40p 13.02 12.37 3207.33
6/10/05 4:49p 13.22 12.57 3207.13
6/15/05 9:25a 13.3 12.65 3207.05
6/16/05 2:20p 13.25 12.6 3207.1
6/30/05 12:26p 13.6 12.95 3206.75
3207.5
3207
3206.5
3206
7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/16/75/3
132
impie Name Location/ Description West side o f the Bridge, 6th
Horizontal distance t 
vertical drop
ORB
O ran g e  St. B ridge C la rk  
F o rk  stage m easurem ents
Lamppost from the north side, 
lower bolt on north side o f 
post. 0.63
Date
Depth to Verticle drop to
time water water Elevation o f water
5/16/04 33.62 33.62 3168.38
5/27/04 10:50a 32.9 32.9 3169.1
6/10/04 12:15p 32.6 32.6 3169.4
6/23/04 9:30a 34.6 34.6 3167.4
7/8/04 4:35p 34.25 34.25 3167.75
7/29/04 3:22p 35.12 35.12 3166.88
8/31/04 7:35p 35.03 35.03 3166.97
9/28/04 7:20P 34,65 34.65 3167.35
10/18/04 155P 34.75 34.75 3167.25
11/16/04 l:48p 34.85 34.85 3167.15
12/14/04 2:10p 34.8 34.8 3167.2
1/19/05 4:55P 32.6 32.6 3169.4
2/4/05 2:02P 34.8 34.8 3167.2
2/18/05 1105P 35.02 35.02 3166.98
3/17/05 4:28p 34.8 34.8 3167.2
4/7/05 6 : l l p 34.6 34.6 3167.4
4/26/05 5 1 5 P 33.4 33.4 3168.6
5/17/05 5:46P 31.2 31.2 3170.8
6/7/05 7:19a 30.9 30.9 3171.1
6/17/05 11:40a 32.13 32.13 3169.87
6/30/05 l:30p 32.8 32.8 3169.2
Northing 988106.2
Easting 844106.7
Elevation 3202
3172
3171
JCE3170
3169
3168
3167
3166
5/3 6/7 7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/1
133
S a m p l e
N a m e
D & D
Location/ 
Description 
D ickens &  
Defoe 
M onito ring  
W ell
Company Well #
W PS-35 DO
0
5
10
15
20
25
JO
35
40
42
47
55
60
63
70
75
80
85
90
95
100
105
109
Well Log
static wtT Ivl 
55
0-35 Sand & Gravel
35-42 Reddish clay 
incd stifl'
47-63 light reddish 
sticky sands and clays
63-70 sandy gravels
70-75med-coarse 
avel
Total
GWIC depth
109
Diameter
2"
top o f pvc
Northing
Easting
Elevation
992388.1
843694.5
3200.9
Depth to Elevation o f
Date time water water
5/27/04 9:55a 55.58 3145.32
6/10/04 12:41p 53.9 3147
6/23/04 9:57a 53.66 3147.24
7/8/04 3:50p 54.11 3146.79
7/29/04 4:05p 55.81 3145.09
8/31/04 7:54p 57.4 3143.5
9/28/04 6:00P 56.81 3144.09
10/10/04 3:20P 56.91 3143.99
10/18/04 l:48p 57.24 3143.66
11/16/04 l:40p 58.57 3142.33
12/13/04 2:20p 59.89 3141.01 
access hole 
frozen shut
4/7/05 5:30 60.87 3140.03
4/26/05 4:43P 59.73 3141.17
5/17/05 5:15 56.12 3144.78
6/7/05 4:49a 53.27 3147.63
6/17/05
6/30/05
11:51a 
12:40p
52.77
52.78
3148.13
3148.12
0 02 " slot
3149
3147
3145
3143
3141
3 1 3 9  -f ------- 1-----------------------   1------- 1---------------r
5/3 6/7 7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/1
134
Sample
Nam e Location/ Description Owner
P O W  Pow er W ash
0
S
10
15
20
25
30
35
40
45
50
55
60
65
70
Well Log
static wtr Ivl
53'
o p e n  bottom
40-70 sand & 
gravel
GWIC
Total
depth Diameter
173207 109 6"
Date time
Depth to 
water
Elevation o 
water
6/10/04 11:04 48.19 3140.21
6/23/04 9:10a 47.95 3140.45
7/8/04 5:15p 4 8 6 3139.8
7/29/04 2:20p 50.22 3138.18
9/1/04 5:15p 51.35 3137.05
9/28/04 8:14p 50.51 3137.89
10/17/04 11:59a 51.15 3137.25
11/14/04 5:40p 52.45 3135.95
12/14/04 l:38p 53.5 3134.9
1/20/05 5;50P 54.28 3134.12
2/6/05 4:18? 54.04 3134.36
2/17/05 12:40? 54.05 3134.35
3/18/05 3:30 54.77 3133.63
4/7/05 7:29p 54.44 3133.96
4/26/05 5:35? 53.64 3134.76
5/17/05 6:14? 50.6 3137.8
6/7/05 5:41p 47.79 3140.61
6/17/05 10:44a 47.13 3141.27
6/30/05 9:06p 47.45 3140.95
Northing 982444.3
top o f 
steel Easting
Elevation
839449.3
3188.4
3142
3141
3140
3139
3138
3137
3136
3135
3134
3133
5/3 6/7 7/12 8/16 9/20 10/25 11/29 1/3 2/7 3/14 4/18 5/23 6/27 8/1
135
Sample Location/
Name Description
U n iv e r s ity
Company Well # GWIC Total depth Diameter Northing 982927
UNI
E a st  o f  
S c ien ce
University o f 
M ontana Science 160 8"
top o f steel
C o m p le x East #2 Easting 8480310 Well Log Elevation 3225.7
Depth to Elevation of
5 Date time water water
10 7/12/04 5:00p 74.8 3150.9
15
20
25
0-39 Clay Sand & 
Gravel
8/31/04
9/29/04
10/18/04
5:30p
10:13a
2:30p
80.75
86.3
84.34
3144.95
3139.4
3141.36
30 11/16/04 3;00p 87.11 3138.59
35 12/14/04 4;00p 88.37 3137.33
40 1/20/05 4:20P 86.6 3139.1
45 2/6/05 5:00P 80.15 3145.55
SO 2/17/05 3:00P 80.43 3145.27
55 3/17/05 5:00p 81.4 3144.3
60 4/7/05 4:20p 81.36 3144.34
65 39-88 Clay Gravel & 4/26/05 4:20p 80.31 3145.39
70 Boulders 5/18/05 11:40a 75.8 3149.9
75 6/7/05 4:22p 72.82 3152.88
80 6/16/05 8:13a 72.04 3153.66
85 Static water 6/30/05 9:06a 72.26 3153.44
90 78'
95
98
105 88-121 Clay Gravel &
110 Boulders
115
120
125 % ater
130
135 126-138 Clay Gravel &
140 Boulders
145
150 138-160 Clay Brocken
155 Rock & Boulders
160
3154
3150
3148
3146
3144
3140
3138
3136
4/6 5/26 7/15 10/23 12/12 3/22 5/11 6/30
136
S a m p l e
N a m e
WMC
Company Well 
Location/ Description #
W estern  M ontana 
C linic F ro n t S t
GWIC Total depth Diameter
75 6 "
Date time Depth to water Water injectin
5/18/04 55.73 3143.57 y
5/19/04 52.51 3146.79 n
5/27/04 9:40a 51.36 3147.94 n
6/10/04 12;23p 49.8 3149.5
6/22/04 2:30p 49.25 3150.05 n
7/8/04 4:22p 50.78 3148.52 y
7/29/04 3;25p 52.96 3146.34 y
9/1/04 5:25p 53.3 3146 n
9/28/04 6:50p 52.32 3146.98
10/17/04 liOOp 52.7 3146.6
11/14/04 l:14p 54.9 3144.4
12/13/04 10:35a 57.85 3141.45
1/20/05 5:30p 58.28 3141.02
2/4/05 l:45p 58.29 3141.01
2/17/05 11:15a 59.5 3139.8
3/16/05 3;30p 60.45 3138.85
4/7/05 5:56p 56.7 3142.6
4/26/05 4:55p 57.42 3141.88
top o f 
steel
Northing
Easting
Elevation
988957.2
843920
3199.3
3152
3150
3148
3146
3144
3142
3140
3138
9/20 10/25 11/298/16 1/3 2/7 3/14 4/187/12 5/236/75/3
137
S a m p l e
N a m e
LIB
Location/
Description
M issoula
Public
L ib ra ry
Owner
Missoula Public 
Library
W ell log
5
10
15
20
25
30
35
40
45
50
55
ROTARY
static water 
48'
3-55 clay & gravel
60
65 55- 77 silty clay &
70 gravel
75
80 77-85 clay sand &
85 gravel
85-88 clay &
90 gravel
88-95 clay sand &
95 Screened sm gravel
100
105
110
115
120 Dt
95-118 clay sand 
& Ig gravel
GWIC
151157
Total
depth
118
Diameter
8"
Northing 987367.3
top o f 
steel
Easting 846425.5 
Elevation (ft) 3203.13
Ground Elev 3202.73
Depth to Elevation
ate Water o f  Water Latitude (dd); 46.8724
6/14/04 44.82 3158.31 Longitude (dd); -113.989
7/8/04 46.39 3156.74 Datum: NAD27
7/30/04 49.6 3153.53 Total Depth (ft): 118
8/10/04 50.38 3152.75 Static Water Level (ft): 48
8/16/04 Pumping Water Level (ft); 49
8/30/04 48.2 3154.93 Yield (gpm): 618
9/10/04 49.61 3153.52 Test Type: PUMP
9/27/04 48.48 3154.65 Test Duration: 7.5
10/15/04 49.01 3154.12 Completion Date (m/d/y): 7/21/1995
11/15/04 50.59 3152.54
12/16/04 52.07 3151.06
12/21/04 52.16 3150.97
1/23/05 51.13 3152
2/17/05 52.63 3150.5
3/7/05 53.11 3150.02
3/18/05 53.14 3149.99
3/31/05 53.15 3149.98
4/7/05 52.69 3150.44
4/28/05 50.48 3152.65
5/5/05 49.79 3153.34
5/13/05 47.24 3155.89
5/26/05 45.02 3158.11
6/10/05 43.93 3159.2
3159
3158
3157
3154
3150
3149
10/30 7/2
138
Appendix C
Continuous Hydrographs and Thermographs 
(vertical axes are feet above mean sea level)
139
3 1 7 0
3165
3160
O
3155
3150
3145
The temperature seems to drop when pumping occurs It is likely that the water in the well 
bore warms above the ambient ground water temperature. "
3140
6/2/04 0:00
1 4
- -  12
"  10
7/28/04 0:00 9/22/04 0:00 11/17/04 0:00 1/12/05 0:00 3/9/05 0:00 5/4/05 0:00
P 3 0  w a t e r  l e v e l
P 3 0  t e m p e r a t u r e
■  manual measurements
■ ijianual temp measurement
3175
- -  12
3170
- -  10
3165
3160
3155
3150 -I- - - - - -
4/18/04 0:00 5/23/05 0:00 7/12/05 0:007/27/04 0:00 9/15/04 0:00 11/4/04 0:00 12/24/04 0:00 2/12/05 0:00 4/3/05 0:006/7/04 0:00
■ P 3 4  w a t e r  l e v e l  ------------------P 3 4  t e m p e r a t u r e
3165
3164
- -  12
3163
- -  10
3162
3161
3160
3159
3158 -- 4
3157
3156
3155 4--------
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Potentiometric Maps
150
Ii22>20&
m m
%>wR
X.TTM
g m m
Legend
^  — — F lo w  L in e
O W ells
Surface W a ter  Stage 
Production Well; 4 'TF r « # l S  * g in ~T s T i ; ^
F eek W o 0-15 0.3
;29,2004
LA
W
[
■’  ̂ j
: A ' ^ >
$
'’x i->«
: «
a
m
Legend
 - - - - - - - ^  F lo w  L in e
O  W ells
Surface V\Ater Stage 
Production Well
#
.MÉtip 950 1,900 5,700
. J " KL A/’IiSsTy' '^'
m m m m
■m ,-m s ‘
l ; A M i
o a WJ^VjC
°  ' '" 'k  v \ '- 1 ^ : f É;>•«»>«»!. '■îferiïW?5®.ÆOTS4ri
# # r
' ■>.■ ; ;“?Ki * “SUS
k.--;Æ .
' C -.5f n 'ÿ ÿ
t
*.<■
*-• tASf .kciTfrN-
0 0.15 0.3
Legend
O Wells
A Surface Water Stage
Production Well
LA
4^
%
•ttÀXr
fea
e m # ' : 3 L
g f / K #
tv /(y ' ,1
^ 3  H OI ■ '̂.V'* AÏ
; #  
Æ m
;•>[■ j-'-f <*•
Legend
W ells
Surface \A/ater Stage 
Production Well950 1,900 ,O U U  k  /  ', :
m P e e f /fA  0.15 0.3
i l ^ ^ E  À> ‘.rr -*  — ^ k i L  '• ; ;
Ç.i?>5ü
v..-T;^..
1 # 6 L #
i ï » L ï & r
* m i à * "
Legend
f lo w lin e
W ells
m
Surface Water Stage 
Production Well
%y. '.'k' ' f i,-- m
Kl3,2004M
M
\‘T  -V
•Vîfir
#
M m mm.*
'# # # # #
W:
■ V
Legend
4  -  •
o  W ells
-Wg-.gtt-
950 1,900
0.15 0.3
Surface V\feter Stage 
Production Well
18,2005
LA'-J
# ' I M r
#
K
;■ f&
M Ê é W ÿ à 0"
JE
, r v € # F m ^
950 1.9Û0 uu ," :
F e e f # #  0.15 0.3
Legend
O  W ells
Surface \Nater Stage 
Production Well
17,200# # #
W M Æ Ê V'.-) 4
i'ViSîrPi
® 3 ^ e S n ^ ^ F ^# 1 # ^
" ^ 0
f-.r'*-'
'W A #
m ^ ’m
■;.;s,-:
? - ' P ¥ l «
a #
0 0.15 0.3
Legend
O  W ells
^ Surface Water Stage 
•  Production Well
LnVD
p m 5 ô ë |
I i ■ . #
$
«
-- ; ■ , ^  '- f
# # # a #  ' m0 1 iW L :
m>  J ---. ^
C3?r'. "%
m
%
5 m :2r
Legend
 - - - - - - - ^  F lo w  L in es
O  W ells
r ^ % Æ
950 1,900
F eef< ^ #  0.15 0.3
Surface \Afeter Stage 
Production Well
OS
o
f L 7/2005
jvtJTi; ##mjP \   ̂ *'t #' * •  »
f'T.. m
■
#'
Legend
 ^  F lo w  l in e s
W ells
Surface VVater Stage 
Production Well950 1,900
FeelkWo 0.15 0.3
17,2005
n
i?î'Vv''»v
m
m Ê i .
«KA
1^%
W i
Legend
-  : J >  F lo w  L in es
O  W ells
Surface \Aàter Stage 
Production Well
0.15 0.3
SE 7,2005
* i 200
; # 2 2 L %
%W L
:.g:
■: -,-f ■
V ^ :% ^ ;- r J
, i " a r
Legend
o  W ells
ù?' :C.
V<*>>o W' ?' 
W
.m
Surface Water Stage 
Production Well
950 1,900
éO 0.15 0.3
Appendix E
Peak D elay Analysis 
(All vertical axes are feet above mean sea level)
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The peak delay analysis was completed with tw o different methods the Ferris and the Finder, 
Bredehoeft, Cooper method. These analyses utilized data gathered from June 1, 2005 through June 30, 
2005 from  wells P34, B L D  and S&B (Figure E. 1). Both wells P34 and well B L D  were used as the source 
o f stress instead o f  the river since the river is not hydraulically connected to the aquifer in the study region. 
The distance from  each o f  the wells to each other along with the time o f  peak water level and the 
calculated delay are listed in table E. 1.
3145 
3144
3143 
3142 
3141
3140
3139
3138 
6/1/05 OflO
3165
3 « 4 5
3164
3%35
3163
3162 5
3162
31615
3161
3«0a
3160
BLD
S&B
P34
6/6/05 0 DO 6/11/05 0.-00 6/16/05 0,00 6/21/05000 6/28 /05000
Figure E  l  water table elevations used for the peak delay analysis. Note, the water table had begun to rise 
prior to the data collection in these wells.
Table E  1 Peak Delay data used for calculation o f  hydraulic conductivity
P34 B L D S&B
Total Period o f  fluctuation to 200 hr 200 hr N A
M ax level 3163.12 3144.61 3140.34
M ax  time 6/8/05 10:00 6/14/05 16:00 6/15/05 4:00
Distance from  P34 (ft) 0 4809 8135
Tim e delay from  P34 ti 0 150 hr 162
Distance from  B L D  (fr) N A 0 3623
Tim e delay from B L D  t, N A 0 12
The Ferris method calculates for diffrisivity (T /S ) utilizing the following analytical equation
T/S = (ï^to)/4pt,’
Where; T  =  Transmissivty 
S =  Storativity
X =  distance from  source to observation well 
to =  period o f  fu ll range o f  river fluctuation
t i=  tim e lag between m axim um  stage at source to maximum stage at observation well.
A  range o f  storativity values from  0.1 to 0.25 were used to calculate hydraulic conductivities (Table E,2).
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Table E. 2 Conductivities and Transmissivities calculated w ith  the Ferris Method.
F ro m  P34 to  BLD F rom  P34 to S&B F rom  BLD  to S&B
T/S = 16367 ft^/hr 40,155 ft^/hr 1,451,495 ft'/hr
T/S = 392802 ftVd 963,721 ftVd 34.835,876 ftVd
Storativity values in the area
range from 0 .1-0 .25 Transmissivity Transmissivity Transmissivity
S= .1 39.280 fr'/d 96,372 ftVd 3,483,588 ftVd
S =.15 58,920 ftVd 144,558 ftVd 5,225,381 ftVd
S =  -2 78,560 ftVd 192,744 ftVd 6,967,175 ft'/d
S =.25 98,201 ftVd 240,930 ftVd 8,708,969 ftVd
Conductivity Conductivity Conductivity
b  = 80 491 ft/d 1,205 ft/d 43,545 ft/d
737 ft/d 1,807 ft/d 65,317 ft/d
982 ft/d 2,409 ft/d 87,090 ft/d
1,228 ft/d 3,012 ft/d 108,862 ft/d
The Finder Bredehoeft and Cooper M ethod determines the transmissivity by matching a simulated 
error function to  the observed water levels. The simulation uses the fo llow ing equation to simulate the 
head at the observation well;
u
/w=i 2-y/ p  — m
Where; hp= head at a distance from  the river at tim epD t
total tim e since beginning the analysis where p is the #  o f  time intervals 
AHm”  change in stage after each successive increment o f  time 
Xu —
VvA
v =  diffrisivity T /S
In  this analysis all adjustments o f  transmissivity were unable to simulate the observed heads. In  all cases the 
simulated values were too low. Since the w ater table was on the rise prior to the onset o f  recording, the 
cumulative change in head not recorded in the source w ell would have brought about the higher heads 
downstream that were not simulated. The tim ing o f  the peaks however, were simulated (see graphs Figures 
E .2 -E .4 ). Again conductivities were calculated for a range o f  storativity values Table E.3.
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P in d e r  B r e d e h o e f t  a n d  C o o p e r  s im u la t io n  o f  w a te r  le v e l a t  BLD w ith  T -  4 5 0 ,0 0 0  a n d  S  -  0 .2
3148 3163.2
3147.5 3163
3147 3162 3
3146.5 3162.6
3146 3162 4
3145.5 3162 2
3145 3162
3144.5 3161.8
3144 3161.6
3143 5 3161 4
3143 3161.2
0 200100 400 500 600300 700 800
-BLD
BLD_Slm T=450000 
BLD_SIM T=450000cont 
BLD_SIM T=450000oont2
-P34source
Figure E .2  simulated head using the Pinder Bredehoeft Cooper Method at well B L D .
Pinder Bredehoeft and Cooper simulation of water level at S&B with T= 700,000 and S = 0.2
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- 3162.8
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3140 - 31616
“ 31 6 1  63139 5
■= 3161 43139
3161 23138.5
700600500300 4002001000
Figure E .3 simulated head using pinder Bredehoeft Cooper M ethod at well S&B.
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S&BSim T=700000cont 
S&BSIm T=700(X)0cont 
-P34
P inder B red eh o eft and  C o o p er  S im ulated  W ater  leve l at S& B with BLD acting a s  so u rc e  s tr e s s  and
with T= 3 ,5 0 0 ,0 0 0  and S  = 0 .2
31405
3140 3144 25
3138.5 3143.75 ^
3139 3143.25
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S&B
S&B S im  
BLD
Figure E .4  simulated head using Pinder Bredehoeft Cooper M ethod at well S& B  w ith  well B L D  acting as 
the source.
Table E .3 Transmissivity and hydraulic conductivity values calculated w ith  Pinder Bredehoeft Cooper 
Method.
From PM  to BLD From P34 to S&B From BLD to S&B
DIMuslvKy Diffusivity Diffusivity
2250000 if/d 3500000 ff/d 17500000 ff/d
toritivrty TranBmissMty Transmissivity Transmissivity
0.15 337500 if/d 525000 if/d 2625000 ff/d
0.2 450000 if/d 700000 ff/d 3500000 If/d
0.25 562500 if/d 875000 ff/d 4375000 ff/d
Conductivity Conductivity Conductivity
0.15 4219 It/d 6563 ft/d 32813 ft/d
0.2 5625 Wd 8750 ft/d 43750 ft/d
0.25 7031 m/d 10938 ft/d 54688 ft/d
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Appendix F 
Pumping Test
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Several pumping tests were run from w ell P32 (the Arthur Street w ell) these were monitored from  
both a deep (P 34) and a shallow (M M 4 )  monitoring well. P34 and M M 4  were both monitored taking 
readings every 10 seconds over the course o f  6 hours o f  pumping. The data was analyzed with several 
methods. The deep monitoring w ell data was analyzed with the Cooper Jacob Strait Line method, the 
New m an method designed for unconfined aquifers, Boulton’s delayed yield and Stallm an’s partial 
penetration curves. Analyses were carried out by hand and w ith the aid o f  Aquitest software and 
Auqusolve software [Waterloo Hydrogeologic^ 2002; Fetter, 1994\. The data and analyses for the 
observations at w ell P34 are displayed in Figures F .1-F .6, and Tables F . l -  F.4. The results are summarized 
in table F.5.
Early Drawdown at P34 9/4 @21:26p
Time (min)0.01 0.1
to -  .0294
C ooper Jaco b  M ethod P um ping  P32 m onitoring p34
Q 3500 gpm
r 585 ft
b 80 ft
to = 0.0294 min
to = 2.04E-05 days
As= 0.144
T = 264*Q/As
T = 6405990 gpd/ft
T = 856415.8 ft^ day/ft
K= 10,705.2 ft^/day
S= O.STto /F
S= 0.000115
Figure F .l  Cooper Jacob Strait Line analysis o f  drawdown at P34.
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p32 puntplng (Cooper Jacob Time O rew dow n)  
Time [d|
0.10
0.08
0 .16
0JZ39
0.3 9 3
Transmissivity; 1.61E+6 ft®/d
Conductivity 2 02E+4 ft/d
Figure F.2 Cooper Jacob Strait Line Analysis o f  Drawdown at W ell P34. Solved with Aquitest Software 
(W aterloo 2002.)
p72 pumping (TJeuman)
1E*2 1EO  ie+ 4
I
IE-3
I Id)
Transmissivity 7 16E+5 ff/d
Conductivity 8 95E+3 ft/d
Storativity 6 19E-4
Specific yietd 6.19E+0
Figure F.3 Neum an Analysis o f  Drawdown at W e ll P34. Solved with Aquitest Software
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Figure F.4 Neuman Analysis o f  Drawdown at W e ll P34. Solved with Aquisolve Software (Fetter, 1994)
Obs. Wells
+ P34 
Aquifer Model 
Unconfined 
Solution
Neuman
Parameters
T = 390.6 ft^/min 
S = 0  001406 
Sy = 0.1 Û =0.1
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Figure F.5 Log —Log plot o f  drawdown at P34 (9/2 19:38), used for curve matching in both the Stallman 
and Boulton methods.
Table F .l P34 analyzed 9/2 19:38 data Using Stallman
Tt/(r^S) 1
sT/Q 1
t 2 min
s 1 ft
Y 0.073
Q 3500 gpm 467.9 ft’/min
r 585 ft
b 80 ft
T= Q/s= 467.9 fP/min 7E+05 fP/d
S= Tt/r^= 0.003
Kr = T/b= 5.849 ft/m in 8422 ft/d
Y= r/b(K,/Kr)°^ = 0.073
Kz/Kr= lE-04
Kz = 0.00058 0.839 ft/d
late 7D
Table F.2 P34 analyzed 9/2 19:38 data Using Boulton Delayed Y ie ld
Early time Data Late Time data
r/B 0.8 r/B 0.8
4 n T s / Q 1 4 n T s / Q I
4Tt/(PSc) 1 4Tt/(PSi) 1
tc 0.21 ti 100
Sc 0.22 Si 0.22
Q 467.9 ftVmin Q 467.9 ftVmin
r 585. ft r 585.1709 ft
b 80 ft b 80 ft
T = Q / ( 4 n s ) = 169.3 ftVmin T = Q / ( 4 n s ) = 169.3 ftVmin
Sc= 4Tt/P= 4E-04 S,/SY= 4Tt/P= 0.2
Kr= T/b= 2.117 ft/min Kr= T/b= 2.1 ft/min
_Kr= 3048 ft/day Kr= 3048 ft/d
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Figure F .6 Log —Log plot o f  drawdown at P34 (9/3 21:26), used for curve matching in both the Stallman 
and Boulton methods.
Table F.3 P34 (9/3 21:26) data analyzed using Stallman Plate 7D
Tt/(r"S) 1
sT/Q 1
t 0.6 min
s 0.9 ft
0.073
Q 3500 gpm 467.9 fP/min
r 585.170915 ft
b 80 ft
T= Q/s= 520 fP/min 7E+05 ftVd
S= T t / r ^ 0.001
Kr = T/b= 6.499 ft/min 9358 ft/d
4>= r/b(K z/K rf" 
Kz/Ki= 
Kz =
0.073
0.0001
0.001 0.932 ft/d
'able F.4. P34 (9/3 21:26) data analyzed using Boulton Delayed Y ie ld
Early time Data Late Time data
r/B 0.6 r/B 0.6
4n T s/Q 1 4n T s/Q 1
4Tt/(r^Se) 1 4Tt/(i^S,) 1
tc 0.1 ti 32
Sc 0.16 S i 0.16
Q 467.9 ftVmin Q 467.9 ftVmin
r 585.171 ft r 585.1709 ft
b 80 ft b 80 ft
T = Q /(4ns)= 232.8 ftVmin T = Q /(4ns)= 232.83
Se= 4Tt/r== 3E-04 Si/SY= 4Tt/r^= 0.09
Kr= T/b= 2.91 ft/min Kr= T/b= 2.91
Kr= 4191 ft/d Kr= 4191
ftVmin
ft/min
ft/d
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Table F.5 Summary o f  pumping test results for observations at P34
M onitoring
W ell
Method Date/time Kh
ft/d
K v
ft/d
S Sy Tool used
P34 Coop/Jacob 9/3 (S, 21:26 10,700 .0015 Strait Line
P34 Coop/Jacob 9/2 (% 19:38p 20,200 Aquitest
P34 Neuman 9/2 m  19:38p 7,031 .001406 0.1 Aquisolve
P34 Neum an 9 /2 @  19:38p 8,950 Aquitest
P34 Boulton Delayed  
Y eild
9/3 @ 2 1 :26p 4,191 .01 Hand curve 
matching
P34 Boulton Delayed  
Y eild
9/2 @  19:38p 3,048 0.02 Hand curve 
matching
P34 Stallman plate 7D 9/3 @ 2 1 :2 6 p 9,358 0.93 0.0009 Hand curve 
matching
P34 Stallman plate 7D 9/2 @  19:38p 8,422 0.84 0.0027 Hand curve 
matching
The shallow w ell M M 4  was analyzed w ith the Boulton Stallman M ethod which accounts for 
partial penetration effects and w ith the Newm an Method. A ll analysis were done by hand w ith curve 
matching. The data and analyses for the observations at w ell M M 4  are displayed in Figures F.7-F.8 and 
Tables F .6-F .8 . Table F.9 summarizes the results for all analyses o f M M 4  drawdown.
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01
!
0.001
0.1 1 10 100 1000
MINUTES
Figure F .7 Log-Log Plot o f  Drawdown at w ell M M 4  (9 /2  3:12 ), used for curve matchingwith the Stallman 
method.
Table F.6 M M 4  (9 /2  3:12) data analyzed using Stallman curve match method Plate 7A  since M M 4  is at 
the watertable
Tt/(r^S) 1
sT/Q 1
t 3
s 0.5
T 6.57
Q 467.9 ft3/m in
r 488.7
b 80
T = Q/s= 935.8 ft^/min
S= Tt/r^= 0.012
K  = T /b = 11.7 ft/m in 16844.4 ft/day
T = r/b (K z/K ,)"" = 6.57
(T (b /r))^ = K z /K r= 1.2
K z  = 13.5 19484.16 ft/day
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Figure F .8 Log-Log Plot o f  Drawdown at w ell M M 4  (9/3 20:25), used for curve matching with both the 
Stallman method and the Neuman method.
Table F .7 M M 4  (9/3 20:25) data analyzed using Stallman curve match method Plate 7A  since M M 4  is at 
the water table
Tt/(r^S) 1
sT/Q 1
t 2 min
s 0.55 ft
'P 1
Q 3500 gpm 467.9 ft3/m in
r 488.7 ft
b 80 ft
T - Q /s= 850.7273 ft^/min 1225047 ft^/day
S= Tt/r^= 0.007
Kr = T /b = 10.63409 ft/m in 15313.09 ft/day
'P= r/b (K ,/K r)°"  = 1
K z /K r= 0.027
K z  = 0.28 410.4 ft/day
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Table F.8 MM4 (9/3 20:25) data analyzed using the Neuman Method,
Type A To 0.2
W (ua,D 1
1/ua 1
s 0.11 ft
t 1.3 min
Q 3500 gpm 467.9 ft3/m in
r 488.7 ft
b 80 ft
T = Q/(47CS)*(W(UA,r)> 338.67 ftVmin 487678
S= (4TuAt)/r" 0.007 ftVd
K r= 4.23 ft/m in 6096.0 ft/d
Type B r  □ 0.2
w (uB ,r> 1
1/ub 1
s O i l ft
t 18 min
Q 3500 gpm 467.9 ft3/m in
r 488.7 ft
b 80 ft
T = Q /(47ts)*(W (U B ,D ) 338.67 ftVm in 487678
Sy= (4TuBt)/r^ 0.10
K r= 4.23 ft/m in 6095.98 ft/d ftVd
K v  = . rb °K r)/r^ 0.023 ft/m in 32.7 ft/d
K r/K z 186.58
Table F.9 Summary o f  pumping test results for observations at M M 4
M onitoring
W ell
Method Date/tim e Kh
ft/d
K v
ft/d
S Sy K v/K h Tool used
M M 4 Boulton Stallman 
Plate 7 A
9/2 @  3:12a 16,844 19484 0.012 1.15 Hand curve 
matching
M M 4 Boulton Stallman 
Plate 7A
9/3 @ 2 1 :2 6 15,313 410 0.007 0.1 Hand curve 
matching
M M 4 New m an 9/3 @ 2 1 :2 6 6,096 33 0.007 0.10 .005 Hand curve 
matching
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Appendix G 
M odel o f  Pumping Test
178
M M 4  had less drawdown than P34 even though M M 4  is closer to the pumping well. This would  
mean that substantial heterogeneities occur in the vertical direction. Since none o f  the analytical equations 
can accommodate heterogeneity, and since there was substantial variability in the analytical results 
modeling was employed. A  simple 3 -D  transient model was built to simulate the drawdown that occurred 
during the pumping test on 9/3 @ 2 1 :26pm. The model was built w ith  a minor gradient o f  0.0033 running 
east to west as is the case. The model was discretized w ith 30 by 30 ft grid spacing and three layers. The 
boundaries were 1500 ft up gradient and down gradient o f  the pumping well. M M 4  was simulated in Layer 
one P34 in layer tw o and P32 (the pumping w e ll) was simulated in layer three (Figure F I) .
P34489 ft[P32
585 ft
Figure G .l  Diagram  o f  M odel Set up.
In itia lly  the model was set up as a homogeneous system w ith  constant anisotropy. The best fit to 
the data was a horizontal hydraulic conductivity o f  4300 ft/d  and a vertical hydraulic conductivity o f  20 
ft/d. U tiliz ing  w ell log information I  then adjusted hydraulic conductivities to represent the lithologies 
present, namely a low  conductive zone lying beneath the screened interval o f  P34. The model was run 
under a variety o f  horizontal and vertical conductivities for each layer until the best calibration was attained 
(Table G. 1). The best fit solution was a Kb =12,000 ft/d and Kv=32 ft/d in layer 1 and Kh= 20,000 ft/day 
K v= 32 ft/d  in layer 2.
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Table G .l  parameters adjusted in pumping model and resulting error. Note the highlighted rows refer to theI 1 ■ r 2 f   ̂ I___.«_1_ a_l. . 1  . .
Layer 1 
Kh ft/d
Layer 2 
Khft/d
Layer 3 
Khft/d
Layer 1 
K yft/d
Layer 2 
K vft/d
Layer 3 
K vft/d
Absolute 
Residual 
Mean Error
homogeneous 8000 8000 8000 50 50 50 0.1
homogeneous 5000 5000 5000 10 10 10 0.05
homogeneous 4300 4300 4300 20 20 20 0.04
heterogeneous 6000 5000 5000/100 20 20 100/20 0.19
heterogeneous 8000 5000 5000/100 45 45 100/45 0.1
heterogeneous 8000 7000 5000/100 45 45 100/45 0.09
heterogeneous 10000 10000 5000/200 30 30 100/30 0.08
heterogeneous 10000 10000 5000/300 30 30 30/30 0.07
heterogeneous 10000 10000 5000/1000 30 30 30/30 0.05
heterogeneous 12000 15000 6000/1500 30 30 30/30 0.03
heterogeneous 12000 17000 6000/1500 30 30 30/30 0.02
heterogeneous 12000 20000 6000/1500 32 32 32/32 0.01
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Appendix H 
Slug Tests
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Slug tests were carried out as described in the methods section. The data was analyzed with a 
graphical curve matching method prepared by Garnett and Butler [2000].
K f  -
♦ 3 .td r. In __£_
t 2bC.
Where; t =  tim e
b =  screen length;
Cd =  fitting parameter in graphical solution;
Rt =  effective radius parameter o f  Bouwer and R ice(1976);
rc= effective radius o f  w ell casing ( corrected for radius o f  transducer cable) and
rw =  radius o f  w ell screen or borehole, I f  anisotropic
Each w ell in this analysis was tested a minimum o f three times, the normalized response curves 
along w ith the simulated curve match and resulting hydraulic conductivities are displayed below (Figures 
H .1 -H .6 ).
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Figure H  I Slug test response curves and curve match w ith corresponding hydraulic conductivity (A R C ).
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Figure H .2  Norm alized slug test response curves and curve match with corresponding hydraulic 
conductivity (B L D ). Slug used in this test was solid both slug in and slug out analyses were performed.
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Figure H .3 Norm alized slug test response curves and curve match w ith corresponding hydraulic 
conductivity (D & D ).
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Figure H .4  Norm alized slug test response curves and curve match with corresponding hydraulic 
conductivity ( D H l) .
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Figure H.5 Normalized slug test response curves and curve match with corresponding hydraulic 
conductivity (HGD). This w ell was screened with a filter packed screen, the very consistent 4480 ft/ day 
conductivity is thought to be that o f  the screen rather than the aquifer.
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Figure H.6 Norm alized slug test response curves and curve match with corresponding hydraulic 
conductivity (S& B).
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Appendix I 
Sieve Analysis
187
0000
Sample She w ell 
name:
Sample Depth:
Cu:
HGD 105
105
267
HGD 120
120
2.00
HGD 135
135
2.00
DH2 55
55
10
DH265
65
5.00
USING THE HAZEN 
Equation K = Cd,m̂
MIN MAX
K in
cm/sec 0.002 0.0045 
Kin
A d 6.378 12.756
MIN MAX
K in
cm/sec 0.002 0.0039 
Kin
Ad 5^56 11.112
MIN MAX
K in
cm/sec 0.002 0.0045 
Kin
A d 6.378 12.756
MIN MAX
K in
cm/se 0.152 0.243 
Kin
A d 459J13 688.82
MIN MAX
K in
cm/se 0.072 0.108 
Kin
A d 204.09 306.14
USING
BREYER
EQUATION Cb= 0.001
di0= 7.5E-05 M
K= 7E*05 m/s 
K -  18.702 A day
0.001 
dto® 7E-05 M 
K= 6E-05 m/s 
K= 17.187 Aday
Cb= 0.001 
d,B= 8E-05 M 
K= 7E-05 m/s 
K= 19.73 A day
Cb = 0,00102 
dio= 5E-04 M 
K= 0.002 m/s 
K- 5032 Aday
Cb= 0.0012
dto= 3E-04 M 
K= 9E-04 m/s 
K= 263.3 A day
Cb= 6E-04floq(500Æu)
g = 9 007 m/s*
v= M4E-Ü6 mVs
Sieve
f
sieve size 
in
sieve size 
iTwn retained
weigN
yeeter
than
weight
less
than
percent
finer retained
weight
greater
than
weight
less
than
percent
finer retained
weiyt
grwter
then
weight
less
Aan
percent
finer retained
weight
yeater
tt)an
weiyt 
less than
percent
finer retained
weight
yeater
than
weiyt
less
than
percent
fher
2 0 625 16 0 0 3743 100,0% 0 0 378.8 100.0% 0 0 357.1 100.0% 482 4.82 1160.76 100% 10.81 1081 1153.7 99%
3 0 5 12.7 0 0 374.3 100 0% 0 0 378.8 100.0% 0 0 357.1 100 0% 33.1 37.92 1127.66 97% 13.06 23.87 11406 98%
4 03125 8 0 0 374.3 1000% 0 0 378.8 100.0% 0.99 0.99 356.1 99.7% 165.37 203,3 96229 83% 99,21 123.1 1041.4 89%
5 0.157 4 0.56 05 6 373.7 999% 0.22 0.22 378.6 99.9% 1.02 2.01 355.1 99 4% 331.11 534.4 631.18 54% 129 56 252.6 911.86 78%
7 0.111 2.8 036 0.92 373.4 99.8% 0.16 0,38 378.4 99,9% 0.77 2.78 354.3 99,2% 135,48 669,9 495,7 43% 67.67 320.3 844.19 72%
10 00787 2 0.48 1.4 372.9 99.6% 0.26 064 378.2 99,8% 0.74 3.52 353.6 99 0% 114,72 784,6 380.98 33% 79.24 399.6 764 95 66%
14 00555 1.4 1.09 249 371.8 993% 0.33 097 377.8 99.7% 0.43 3.95 353.2 98 9% 95,15 8798 285,83 25% 84.37 483.9 680 58 58%
18 0.0394 1 1.39 388 370.4 99.0% 0.4 1.37 377.4 99.6% 0.5 4,45 352.7 98.8% 0 879.8 285 83 25% 85,64 5696 594.94 51%
25 0 0278 0.71 233 6.21 368.1 98.3% 1.12 249 376.3 99.3% 0.22 4.67 352.4 98.7% 113.27 993 172.56 15% 100.64 6702 494.3 42%
35 00197 0.5 263 8.84 365.5 97.6% 0.7 3.19 375.6 99.2% 0.76 5 4 3 351.7 98 5% 41.97 1035 130 59 11% 198.3 868.5 296 25%
60 0.0098 0.25 112.4 121.19 253.1 67.6% 28 59 31.78 347 91,6% 5568 61.11 296 82 9% 77.1 1112 53.49 5% 227.59 1096 68 41 6%
70 0 0082 0.208 79.51 200.7 173.6 46.4% 72.64 104.42 274.4 72,4% 67.82 128.93 228.2 63.9% 10.44 1123 43.05 4% 20.15 1116 48.26 4%
170 0 0035 0.088 136.5 337.23 37.07 9.9% 222 9 327.32 51.48 13,6% 191,33 320.26 36.84 103% 27.59 1150 15.46 1% 34.02 1150 1424 1%
<170 <0.0035 <0.088 37.07 374.3 0 0.0% 51 48 378 8 0 0,0% 36.84 357.1 0 00% 15.46 1166 0 0% 14.24 1165 0 0%
Total 3743 3788 357.1 11656 11645
80 09&
70 0«Mr
=0.2 mm 
60 0% - dGO =0,15mm—  
dOO =0.14mm
d10 =0.0 75mmdIO =0.0 7!
dIO =0.0  7mm
=  0.3mm
0.010.1100 10 1
HGD 1 0 5  HGD 120 HK3D135 O t# 5 5 DH2 65
Figure 1.1 percent finer graph fi-o samples fi-om HGD and DH 2
189
Appendix J 
Temperature Data
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All temperature data collected is available on the enclosed CD-ROM. Graphs o f  the temperature 
data follow . N ote Rattlesnake temperature data shows no dampening or delay with depth.
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Appendix K 
Temperature Modeling
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The amplitude o f  the temperature oscillations is increasingly dampened with progressive depth 
and the tim e phase is delayed. The degree to which a temperature signal is dampened and delayed is a 
result o f  both the hydraulic and the thermal properties o f  the streambed materials. Assuming one­
dimensional flow  the temperature trend at a discrete depth can be modeled in reference to the temperature 
trend at the surface with the follow ing governing equation;
, d^T dT 8T
Where:
k = thermal conductivity o f  the rock-fluid matrix;
T= temperature at any point z, at any time t in the Earth;
Cw =volumetric heat capacity o f  the r=fluid;
Pw =density o f  the fluid;
v z  =  z component o f  Darcian fluid velocity in the Earth;
c = volumetric heat capacity o f  the rock fluid matrix; and
p = wet bulk density [Stallman, 1963].
V S2D H  a finite difference model o f  this equation was utilized to model the temperature data.
Each site was m odeled separately as a one dimensional system with water m oving from the surface 
downward. The gradient was imposed by setting equipotential lines based on the gradient measurements 
that were taken at the same location. A s the data at Rattlesnake Creek reveal no time delay these data were 
not simulated. The temperature data in the ditch were also not simulated as the model requires gradient 
data and no gradient data were collected in the irrigation ditch.
Temperature m odels were created for the Hellgate Canyon Array A  and Madison Area Array B. 
The m odel setup, sensitivity and results follow . Values for the thermal properties were based on literature 
values. The model showed little sensitivity to the thermal properties since advective transport dominates 
the system  while saturated. Since these values are not well known temperature data in unsaturated 
conditions were not modeled; specifically the data from the lower temperature buttons in the Madison 
Area. Tables K .l and K.2 list the values used in the model.
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Table K .l Thermal properties set in model [Constantz, 2003]
Heat Capacity 
o f  dry
sediments Cs
Thermal 
conductivity o f  
saturated 
sediments kts
Heat
Capacity
Cw
van Genutchen 
retention 
parameter a
Thermal 
conductivity at 
residual water 
content ktr
Residual water 
content
2180000  
Joules/m^ °C
7200
(W /m°C)/hr
4180000
Joules/m^**C
4.31
per meter
936
(W/m^’O /hr
0.02 m"/m̂
Table K.2 Hydraulic properties set in model
Gradient porosity Dispersivity Hydraulic
Conductivity
Anisotropy
Set based on 
measurements
0.375 Calibrated to 
between 0.1-0.2m
Calibrated to 1:10
The m odel was setup as one dimensional (Chapter 2 Figure 7.) with grid spacing o f  .2 ft. Since 
the lower boundary is the water table the total height o f  the column was approximately 7 ft in Hellgate 
Canyon and 17 ft in the M adison Area. The system was modeled in increments using the temperature 
signal directly above as the input into the model and simulating the temperature at depth.
Since temperature was monitored at four levels there are three models for Hellgate Canyon data. 
M odel AB simulates the temperature signal at 1 ft below the surface using the surface temperature as the 
input (Figure K .l) . M odel AC simulates the temperature signal at 2ft below the surface (FigureK.2). 
M odel A D  sim ulates the temperature signal at 3 ft below  the surface (FigureK.3).
The results o f  the temperature signal m odeling reveal flux values ranging from 4 to 4.7 ftVday. 
Since the water is theoretically m oving directly downward it can only m ove as fast as the most constrictive 
unit allows, therefore in this area a flux o f  4 ftVday per square ft o f  riverbed is estimated (Table K.3).
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15.5
14.5
7/9/040:00 7/9/04 12:00 7/10/040:00 7/10/04 12:00 7/11/040:00 7/11/04 12:00 7/12/040:00 7/12 04 12:00 7/13/04 0:00
Actual B ShnlB Kv=0.05, Disp 0.1, error = 0.047
Figure K .l Simulated and actual temperature approximately 1 ft below surface Array A  Hellgate Canyon
7/13/04 0:00 7/14/04 0:007/9/04 0:007/8/04 0:007/7/04 0:007/6/04 OXX)
Sim 2C Kv= 0.06, dhp = 0.2, cnur = 0.062 
Smu3C Kv ^ 0.09, diap -  0.2, error = 0.077
Actual C
SrmlC Kv= 0.03 dêp-O .l eirorM).068
Figure K.2 Simulated and actual temperature approximately 2 ft below surface Array A  H ellgate Canyon.
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S M ID  Kv = 0 .06 , dimp 0.2, error = 0.089  
Sbn5D kv = 0.09. iMq» = 0.5, error -0 .54  
Shn8D kv= 0 .09 , disp = 0 .250 , error = 0.065
Figure K.3 Simulated and actual temperature approximately 3 ft below surface Array A  Hellgate Canyon
Table K.3 Best fit parameters and resulting flux Hellgate Canyon Array A
H ellgate Canyon Array 
A
Gradient Best fit 
Dispersivity
Best Fit Hydraulic 
Conductivity Kv
Resulting vertical 
flux
From surface to  1 ft 
below
-0.99 0.1 0.05 m/h 
4.8 ft/d
4.1 ft3/d
From 1 ft below  to 2 ft 
below
-.8 0.2 0.06 m/h 
5-01 ft/d
4 ft3 /d
From 2 ft below  to 3 ft 
below
-.6 0.250 0.1 m/h 
7.82 ft/d
4.7 ft/day
The temperature was also monitored at four levels in the M adison area however the lowest level 
becam e unsaturated and therefore was not modeled; thus there are tw o models for Madison Area data. 
M odel BB  simulates the temperature signal at 1 ft below the surface using the surface temperature as the 
input (Figure K.4). M odel BC simulates the temperature signal at 2ft below the surface (FigureK.5).
2 0 0
T h e  r e su lts  o f  th e  tem p e ra tu r e  s ig n a l m o d e lin g  r e v e a l f lu x  v a lu e s  r a n g in g  fro m  8 .1  to  1 0 .6  ftV d ay . 
A g a in  th e  w a te r  c a n  o n ly  m o v e  a s  fa s t  a s  th e  m o s t  c o n s tr ic t iv e  u n it a l lo w s , th e r e fo r e  in  th is  area  a  f lu x  o f  
8.1 ft^ /d ay  p er  sq u a r e  ft o f  r iv erb ed  is  e s t im a te d  (T a b le  K.4).
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Figure K.4 Simulated and actual temperature approximately 1 ft below  surface Array B  Madison Area
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Figure K.5 Simulated and actual temperature approximately 2 ft below  surface Array B  M adison Area 
Table K .4 B est fit parameters and resulting flux M adison Area Array B.
M adison Area Array B Gradient Best fit 
Dispersivity
Best Fit Hydraulic 
Conductivity Kv
Resulting vertical 
flux
From surface to  1 ft 
below
-1.47 0.2 0 .07 m/h 
5.5 ft/d
8.1 ft3/d
From 1 ft below  to 2 ft 
below
-.1.93 0.2 0.07 m/h 
5.5 ft/d
10.6 ft3/d
2 0 2
Appendix L 
Stream Discharge
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Streambed leakage was determined from the following data (Tables L.1-L.4 and Figures L.1-L.4) 
by dividing the discharge difference between upstream and downstream sites by the average width o f  
streambed and by the length o f  streambed between sites. The length was determined by plotting sites on a 
GIS map and measuring the distance along the river channel.
Table L .l Stream disc targe measurements performed with SonTek ADP March 15, 2005
Easy Street MAC Doubletree Higgins Bridge
Site 1 Site 2 Site 3 Site 4
State Plane Easting 857476 85738 847259 845448
State Plane Northing 984298 984335 986255 986436
profile 1 mVsec 38.6 41.8 42.2 39.3
profile 2 mVsec 38.0 39.9 39.5 40.5
profile 3 mVsec 37.3 41.7 41.8 39.2
average m^/sec 38.0 41.1 41.2 39.7
standard deviation 0.7 1.1 1.5 0.7
Average fF/s 1339.8 1451.5 1452.7 1399.7
standard deviation 23.0 37.7 51.4 25.5
stream width ft 160.72 209 .92 127.92 249 .28
Table L.2 Stream discharge measurements performed with SonTek flow meter M arch 15, 2005
Rattlesnake Creek 
(near Railroad St. Bridge)
Rattlesnake Creek (mouth)
stream width ft 36.7 23
Average Discharge 
in ft3/s
83.1 68.9
Error 3.5 3.08
Table L.3 Stream discharge measurements performed with SonTek ADP June 15, 2005
Easy Street
Hellgate
Park MAC Rattlesnake
Madison
Bridge
Higgins
Bridge
G auge Site 1 Site 2 Site 3 inlet Site 4 Site 5
State Plane Easting 861233 856694 853719 850622.2 847876 846667 845264
State Plane Northing 989698.8 984342 98395 984475 986786 986241 986447
profile 1 mVsec 183.7 181.5 181.5 182.2 8.5 188.2 204.8
profile 2 mVsec 186.9 185 185 183.9 8.4 183.9 204.4
profile 3 mVsec 184.5 181.4 182.2 180.4 8.4 184 204.4
average mVsec 185.0 182.6 182.9 182.2 8.43 185.4 204.5
standard deviation 1.67 2.05 1.85 175 0.06 2.45 0.23
Average ftVs 6529 6444 6454 6428 298 6541 7217
standard deviation 58.8 72 65 62 2 87 8
Stream width ft 220 234 187 208 212 299
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Table L .4 Stream discharge measurements performed with SonTek flow  meter June 15, 2005
Rattlesnake Creek 
(near Railroad St. Bridge)
Irrigation Ditch (near well 
MM2)
stream width ft 50 21
Average Discharge in fl3/s 313 34
Error 11.6 1.1
site  1 Near Easy St. 3/15/05
1 3 4 0  * 1-  23  c f s  D is c h a rg e
Figure L 1 stream profile Site 1 March 15, 2005 axes in feet.
site 3 Near Madison St. Bridge 3/15/05 
0 3.3 8.5 14.9 20.6 29.7 39.8 48.0 57.1 64.0 72.7 82,4 91,9 104.4 113.0
1453+/. 51 C f s  Discharge
Figure L .2 stream profile Site 2 March 15, 2005 axes in feet.
s ite  2 Near M issoula Athletic Club 3/15/05
0 0 2 7 14 22 30 37 44 51 57 62 68 75 84 90 98 106 112 121 128 136 144 151 158 164 169 175
452 ■+/-3S cfs Discharge
Figure L.3 stream profile Site 3 March 15, 2005 axes in feet.
Site 4 near Higgins Bridge 3/15/05
distance
ft 2 7 19 30 42 61 81 104 125 146 171 193 217
-4
1399.7 ♦/- 25.5 cfs Discharge
‘ ' ' 's 1
Figure L .4 stream profile Site 4 March 15, 2005 axes in feet.
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Appendix M 
Tracer Test Data
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T ra c e r  T est D ata  fo r H ellgate C anyon M onitoring  Piezom eter 0.87 feet below injection piezom eter
seconds Conductivity in
Date Time passed mS
18-06-2005 12:32:56 0 239
18-06-2005 12:34:16 100 238
18-06-2005 12:37:36 300 236
18-06-2005 12:42:37 600 238
18-06-2005 12:48:06 900 241
18-06-2005 12:53:06 1200 240
18-06-2005 12:57:37 1500 242
18-06-2005 1:02:37 1800 253
18-06-2005 1:07:36 2100 255
18-06-2005 1:12:36 2400 259
18-06-2005 1:17:36 2700 260
18-06-2005 1:22:36 3000 260
18-06-2005 13:52:26 4790 260
18-06-2005 13:52:36 4800 260
18-06-2005 13:52:46 4810 260
18-06-2005 13:52:56 4820 260
18-06-2005 13:53:06 4830 260
18-06-2005 13:53:17 4840 260
18-06-2005 13:53:26 4850 260
18-06-2005 13:53:36 4860 260
18-06-2005 13:53:46 4870 260
18-06-2005 13:53:56 4880 260
18-06-2005 13:54:06 4890 260
18-06-2005 13:54:16 4900 260
18-06-2005 13:54:27 4910 260
18-06-2005 13:54:36 4920 260
18-06-2005 13:54:46 4930 260
18-06-2005 13:54:56 4940 260
18-06-2005 13:55:06 4950 260
18-06-2005 13:55:16 4960 260
18-06-2005 13:55:26 4970 260
18-06-2005 13:55:37 4980 260
18-06-2005 13:55:46 4990 260
18-06-2005 13:55:56 5000 261
18-06-2005 13:56:06 5010 261
18-06-2005 13:56:16 5020 261
18-06-2005 13:56:26 5030 261
18-06-2005 13:56:36 5040 261
18-06-2005 13:56:47 5050 261
18-06-2005 13:56:56 5060 261
18-06-2005 13:57:06 5070 261
18-06-2005 13:57:16 5080 261
18-06-2005 13:57:26 5090 261
18-06-2005 13:57:36 5100 261
18-06-2005 13:57:46 5110 261
18-06-2005 13:57:57 5120 261
18-06-2005 13:58:06 5130 262
18-06-2005 13:58:16 5140 262
18-06-2005 13:58:26 5150 262
18-06-2005 13:58:36 5160 262
18-06-2005 13:58:46 5170 262
18-06-2005 13:58:56 5180 262
18-06-2005 13:59:07 5190 262
18-06-2005 13:59:16 5200 262
18-06-2005 13:59:26 5210 262
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-0.63
0.87 ft below injection point 
0.9 ft upstream o f  injection point 
1.25 ft
downward distance/ time to peak concentration 
7950 sec
0.0001094 ft/sec 9.46 ft/day
0.2
3.0 ft/day 
-1.89 ft3/day per 1 sq ft o f riverbed
Conductivity at angled Piezometer #2 located .87 ft below 
and .9 ft upstream o f Injection well 1
270
260
240
230
2000 4000 6000 8000
time in seconds
10000 12000
207
seconds C o n d u ctiv ity  in
Date Time passed mS
18-06-2005 13:59:36 5220 262
18-06-2005 13:59:46 5230 262
18-06-2005 13:59:56 5240 262
18-06-2005 14:00:06 5250 262
18-06-2005 14:00:17 5260 262
18-06-2005 14.00:27 5270 262
18-06-2005 14:00:36 5280 262
18-06-2005 14:00 46 5290 262
18-06-2005 14:00:56 5300 262
18-06-2005 14:01:06 5310 262
18-06-2005 14:01:16 5320 262
18-06-2005 14:01:27 5330 262
18-06-2005 14:01:37 5340 262
18-06-2005 14:01:46 5350 262
18-06-2005 14:01:56 5360 262
18-06-2005 14:02:06 5370 263
18-06-2005 14:02:16 5380 263
18-06-2005 14:02:26 5390 263
18-06-2005 14:02:37 5400 263
18-06-2005 14:02:47 5410 263
18-06-2005 14 02:56 5420 263
18-06-2005 14:03:06 5430 263
18-06-2005 14:03,16 5440 263
18-06-2005 14.03:26 5450 263
18-06-2005 14:03:36 5460 263
18-06-2005 14:03:46 5470 263
18-06-2005 14:03:57 5480 263
18-06-2005 14:04:06 5490 263
18-06-2005 14:04:16 5500 263
18-06-2005 14:04 26 5510 263
18-06-2005 14:04:36 5520 263
18-06-2005 14:04:46 5530 263
18-06-2005 14:04:56 5540 263
18-06-2005 14:05:07 5550 263
18-06-2005 14:05:16 5560 263
18-06-2005 14:05:26 5570 263
18-06-2005 14:05:36 5580 263
18-06-2005 14:05:46 5590 263
18-06-2005 14:05:56 5600 263
18-06-2005 14:06 06 5610 263
18-06-2005 14:06:17 5620 263
18-06-2005 14:06:27 5630 263
18-06-2005 14:06:36 5640 263
18-06-2005 14 06:46 5650 263
18-06-2005 14:06:56 5660 263
18-06-2005 14:07:06 5670 263
18-06-2005 14:07:16 5680 263
18-06-2005 14:07:26 5690 263
18-06-2005 14:07:37 5700 263
18-06-2005 14:07.46 5710 263
18-06-2005 14:07:56 5720 263
18-06-2005 14:08:06 5730 263
18-06-2005 14:08:16 5740 263
18-06-2005 14:08:26 5750 263
18-06-2005 14:08:36 5760 263
18-06-2005 14:08:47 5770 263
18-06-2005 14:08:56 5780 263
18-06-2005 14:09:06 5790 263
18-06-2005 14:09:16 5800 263
1 8-06-2005 14:09:26 5810 263
18-06-2005 14:09:36 5820 263
18-06-2005 14:09:46 5830 264
18-06-2005 14:09:57 5840 264
18-06-2005 14:10:07 5850 264
18-06-2005 14:10:16 5860 264
18-06-2005 14:10:26 5870 264
18-06-2005 14:10:36 5880 264
18-06-2005 14:10:46 5890 264
18-06-2005 14:10:56 5900 264
18-06-2005 14:11:06 5910 264
18-06-2005 14:11:17 5920 264
18-06-2005 14:11:26 5930 264
18-06-2005 14:11:36 5940 264
18-06-2005 14:11:46 5950 264
18-06-2005 14:11:56 5960 264
18-06-2005 14:12:06 5970 264
18-06-2005 14:12:16 5980 264
18-06-2005 14:12:27 5990 264
18-06-2005 14:12:36 6000 264
18-06-2005 14:12:46 6010 264
18-06-2005 14:12 56 6020 264
18-06-2005 14:13:06 6030 264
18-06-2005 14:13:16 6040 264
18-06-2005 14:13:26 6050 264
18-06-2005 14:13:37 6060 264
18-06-2005 14:13:47 6070 264
18-06-2005 14:13:56 6080 264
18-06-2005 14:14:06 6090 264
18-06-2005 14:14:16 6100 264
18-06-2005 14:14 26 6110 263
18-06-2005 14:14:36 6120 263 208
s e c o n d s  Conductivity in
D a t e T i m e p a s s e d  m S
18-06-2005 14:14:47 6130 264
18-06-2005 14:14:57 6140 264
18-06-2005 14:15:06 6150 264
18-06-2005 14:15:16 6160 264
18-06-2005 14:15:26 6170 264
18-06-2005 14:15:36 6180 264
18-06-2005 14:15:46 6190 264
18-06-2005 14:15:57 6200 264
18-06-2005 14.16:07 6210 264
18-06-2005 14:16:16 6220 264
18-06-2005 14:16:26 6230 264
18-06-2005 14:16:)6 6240 264
18-06-2005 14:16:46 6250 264
18-06-2005 14:16:56 6260 263
18-06-2005 14:17:06 6270 263
18-06-2005 14:17:17 6280 263
18-06-2005 14:17:26 6290 263
18-06-2005 14:17:36 6300 263
18-06-2005 14:17:46 6310 263
18-06-2005 14:17:56 6320 263
18-06-2005 14:18:06 6330 263
18-06-2005 14:18:16 6340 263
18-06-2005 14:18:27 6350 263
18-06-2005 14:18:36 6360 263
18-06-2005 14:18:46 6370 263
18-06-2005 14:18:56 6380 263
18-06-2005 14:19:06 6390 263
18-06-2005 14:19:16 6400 264
18-06-2005 14:19:26 6410 264
18-06-2005 14:19:37 6420 264
18-06-2005 14:19:46 6430 264
18-06-2005 14:19:56 6440 264
18-06-2005 14:20:06 6450 264
18-06-2005 14:20:16 6460 264
18-06-2005 14.20:26 6470 264
18-06-2005 14:20:36 6480 264
18-06-2005 14:20:47 6490 264
18-06-2005 14:20:56 6500 264
18-06-2005 14:21:06 6510 264
18-06-2005 14:21:16 6520 264
18-06-2005 14:21:26 6530 264
18-06-2005 14:21:36 6540 264
18-06-2005 14:21:46 6550 264
18-06-2005 14:21:57 6560 264
18-06-2005 14:22:06 6570 264
18-06-2005 14:22:16 6580 264
18-06-2005 14:22:26 6590 264
18-06-2005 14:22.36 6600 264
18-06-2005 14:22:46 6610 264
18-06-2005 14.22:56 6620 264
18-06-2005 14:23:07 6630 264
18-06-2005 14:23:16 6640 264
18-06-2005 14:23:26 6650 264
18-06-2005 14:23:36 6660 264
18-06-2005 14:23:46 6670 264
18-06-2005 14:23:56 6680 264
18-06-2005 14:24:06 6690 264
18-06-2005 14:24:17 6700 264
18-06-2005 14:24:26 6710 264
18-06-2005 14:24:36 6720 264
18-06-2005 14:24:46 6730 264
18-06-2005 14:24:56 6740 264
18-06-2005 14.25:06 6750 264
18-06-2005 14:25:16 6760 264
18-06-2005 14:25:27 6770 264
18-06-2005 14:25:36 6780 264
18-06-2005 14:25:46 6790 264
18-06-2005 14:25:56 6800 264
18-06-2005 14:26:06 6810 264
18-06-2005 14:26:16 6820 264
18-06-2005 14:26:26 6830 264
18-06-2005 14:26:37 6840 264
18-06-2005 14:26:46 6850 264
18-06-2005 14:26:56 6860 264
18-06-2005 14:27:06 6870 264
18-06-2005 14:27:16 6880 264
18-06-2005 14:27:26 6890 264
18-06-2005 14:27:37 6900 264
1 8-06-2005 14:27:47 6910 264
18-06-2005 14:27:56 6920 264
18-06-2005 14:28:06 6930 264
18-06-2005 14:28:16 6940 264
18-06-2005 14:28:26 6950 264
18-06-2005 14:28:36 6960 264
18-06-2005 14:28:47 6970 264
18-06-2005 14:28:57 6980 264
18-06-2005 14:29:06 6990 264
18-06-2005 14:29:16 7000 264
18-06-2005 14:29.26 7010 264
18-06-2005 14:29:36 7020 264
18-06-2005 14:29:46 7030 264 209
s e c o n d s  C onductivity in
Date Time p a s s e d  m S
18-06-2005 14:29:57 7040 264
18-06-2005 14:30:07 7050 264
18-06-2005 14:30:16 7060 264
18-06-2005 14:30:26 7070 264
18-06-2005 14:30.36 7080 264
18-06-2005 14:30:46 7090 264
18-06-2005 14:30:56 7100 264
18-06-2005 14:31:07 7110 264
18-06-2005 14:31:17 7120 264
18-06-2005 14:31:26 7130 264
18-06-2005 14:31:36 7140 264
18-06-2005 14:31:46 7150 264
18-06-2005 14:31:56 7160 264
18-06-2005 14:32:06 7170 264
18-06-2005 14:32.17 7180 264
18-06-2005 14:32:26 7190 264
18-06-2005 14:32:36 7200 264
18-06-2005 14:32:46 7210 264
18-06-2005 14:32:56 7220 264
18-06-2005 14:33:06 7230 264
18-06-2005 14:33:16 7240 264
18-06-2005 14:33:27 7250 264
18-06-2005 14:33:36 7260 264
18-06-2005 14:33:46 7270 264
18-06-2005 14:33:56 7280 264
18-06-2005 14:34:06 7290 264
18-06-2005 14:34:16 7300 264
18-06-2005 14:34:26 7310 264
18-06-2005 14:34:37 7320 264
18-06-2005 14:34:46 7330 264
18-06-2005 14:34:56 7340 264
18-06-2005 14.35:06 7350 264
18-06-2005 14:35:16 7360 264
18-06-2005 14:35:26 7370 264
18-06-2005 14:35:37 7380 264
18-06-2005 14:35:47 7390 264
18-06-2005 14:35:56 7400 265
18-06-2005 14:36:06 7410 265
18-06-2005 14:36:16 7420 265
18-06-2005 14:36:26 7430 265
18-06-2005 14:36:36 7440 265
18-06-2005 14:36:47 7450 265
18-06-2005 14:36:57 7460 265
18-06-2005 14:37:06 7470 265
18-06-2005 14:37:16 7480 265
18-06-2005 14:37:26 7490 265
18-05-2005 14:37:36 7500 265
18-06-2005 14:37:46 7510 265
18-06-2005 14:37:57 7520 265
18-06-2005 14:38:06 7530 265
18-06-2005 14:38:16 7540 265
18-06-2005 14:38:26 7550 265
18-06-2005 14:38:36 7560 265
18-06-2005 14:38:46 7570 265
18-06-2005 14:38:56 7580 265
18-06-2005 14:39:07 7590 265
18-06-2005 14:39:16 7600 265
18-06-2005 14:39:26 7610 265
18-06-2005 14:39:36 7620 265
18-06-2005 14:39:46 7630 265
18-06-2005 14:39:56 7640 265
18-06-2005 14:40:07 7650 265
18-06-2005 14:40:17 7660 265
18-06-2005 14:40:26 7670 265
18-06-2005 14:40:36 7680 265
18-06-2005 14,40.46 7690 265
18-06-2005 14:40:56 7700 265
18-06-2005 14:41:06 7710 265
18-06-2005 14:41:17 7720 265
18-06-2005 14:41:27 7730 265
18-06-2005 14:41:36 7740 265
18-06-2005 14:41:46 7750 265
18-06-2005 14 41:56 7760 265
18-06-2005 14:42:06 7770 265
18-06-2005 14:42:16 7780 265
18-06-2005 14:42:27 7790 265
18-06-2005 14:42:36 7800 265
18-06-2005 14:42 46 7810 265
18-06-2005 14:42:56 7820 265
18-06-2005 14:43:06 7830 265
18-06-2005 14:43:16 7840 265
18-06-2005 14:43:26 7850 265
18-06-2005 14:43:37 7860 265
18-06-2005 14:43:46 7870 265
18-06-2005 14:43:56 7880 266
18-06-2005 14:44:06 7890 265
18-06-2005 14:44:16 7900 265
18-06-2005 14:44:26 7910 265
18-06-2005 14:44:37 7920 265
18-06-2005 14:44:47 7930 265
18-06-2005 14:44:56 7940 265
2 1 0
seconds Conductivity in
Date Time passed mS
18-06-2005 14:45:06 7950 266
18-06-2005 14:45:16 7960 265
18-06-2005 14:45:26 7970 265
18-06-2005 14:45:36 7980 265
18-06-2005 14:45:47 7990 265
18-06-2005 14:45:57 8000 265
18-06-2005 14:46:06 8010 265
18-06-2005 14:46:16 8020 265
18-06-2005 14:46:26 8030 265
18-06-2005 14:46:36 8040 265
18-06-2005 14:46:46 8050 265
18-06-2005 14:46:57 8060 265
18-06-2005 14:47:07 8070 265
18-06-2005 14 47 16 8080 265
18-06-2005 14:47:26 8090 265
18-06-2005 14:47:36 8100 265
18-06-2005 14 47:46 81 to 265
18-06-2005 14:47:56 8120 265
18-06-2005 14:48 07 8130 265
18-06-2005 14 48:16 8140 265
18-06-2005 14:48:26 8150 265
18-06-2005 14 48:36 8160 265
18-06-2005 14:48:46 8170 265
18-06-2005 14:48:56 8180 265
18-06-2005 14 49:06 8190 265
18-06-2005 14 49:17 8200 265
18-06-2005 14:49:26 8210 265
18-06-2005 14:49:36 8220 265
18-06-2005 14:49 46 8230 265
18-06-2005 14 49:56 8240 265
18-06-2005 14:50:06 8250 265
18-06-2005 14:50:16 8260 265
18-06-2005 14:50:27 8270 265
18-06-2005 14:50 36 8280 265
18-06-2005 14:50:46 8290 265
18-06-2005 14:50 56 8300 265
18-06-2005 14:51:06 8310 265
18-06-2005 14:51:16 8320 265
18-06-2005 14:51:26 8330 265
18-06-2005 14:51:37 8340 265
18-06-2005 14:51:47 8350 265
18-06-2005 14:51:56 8360 265
18-06-2005 14:52:06 8370 265
18-06-2005 14:52:16 8380 265
18-06-2005 14:52:26 8390 265
18-06-2005 14:52 36 8400 265
18-06-2005 14:52 47 8410 265
18-06-2005 14:52 57 8420 265
18-06-2005 14:53 06 8430 265
18-06-2005 14:53 16 8440 265
18-06-2005 14:53:26 8450 265
18-06-2005 14:53:36 8460 265
18-06-2005 14 53:46 8470 265
18-06-2005 14:53:57 8480 265
18-06-2005 14:54:07 8490 265
18-06-2005 14:54:16 8500 265
18-06-2005 14:54:26 8510 265
18-06-2005 14:54:36 8520 265
18-06-2005 14:54 46 8530 265
18-06-2005 14:54:56 8540 265
18-06-2005 14:55:06 8550 265
18-06-2005 14:55:17 8560 265
18-06-2005 14:55:26 8570 265
18-06-2005 14:55:36 8580 265
18-06-2005 14:55:46 8590 265
18-06-2005 14:55:56 8600 265
18-06-2005 14:56 06 8610 265
18-06-2005 14:56:16 8620 265
18-06-2005 14 56:27 8630 265
18-06-2005 14 56 36 8640 265
18-06-2005 14:56:46 8650 265
18-06-2005 14:56:56 8660 265
18-06-2005 14 57:06 8670 265
18-06-2005 14:57:16 8680 265
18-06-2005 14:57:26 8690 265
18-06-2005 14:57:37 8700 265
18-06-2005 14:57:47 8710 265
18-06-2005 14:57:56 8720 265
18-06-2005 14:58:06 8730 265
18-06-2005 14 58:16 8740 265
18-06-2005 14:58:26 8750 265
18-06-2005 14:58 36 8760 264
18-06-2005 14:58 47 8770 263
18-06-2005 14:58:57 8780 263
18-06-2005 14:59:06 8790 263
18-06-2005 14:59 16 8800 263
18-06-2005 14:59:26 8810 263
18-06-2005 14:59 36 8820 263
18-06-2005 14.59:46 8830 263
18-06-2005 14:59:57 8840 263
18-06-2005 15:00:07 8850 263
2 1 1
s e c o n d s  C onductivity in
Date Time p a s s e d  m S
18-06-2005 15:00:16 8860 263
18-06-2005 15:00,26 8870 263
18-06-2005 15:00:36 8880 263
18-06-2005 15:00:46 8890 263
18-06-2005 15:00:56 8900 263
18-06-2005 15:01:06 8910 263
18-06-2005 15 01:17 8920 263
18-06-2005 15:01:26 8930 263
18-06-2005 15:01:36 8940 262
18-06-2005 15:01:46 8950 262
18-06-2005 15:01:56 8960 262
18-06-2005 15:02:06 8970 262
18-06-2005 15:02:16 8980 262
18-06-2005 15:02:27 8990 262
18-06-2005 15:02:37 9000 262
18-06-2005 15:02:46 9010 262
18-06-2005 15:02:56 9020 262
18-06-2005 15:03:06 9030 262
18-06-2005 15 03:16 9040 262
18-05-2005 15:03:26 9050 262
18-06-2005 15:03:37 9060 262
18-06-2005 15:03:47 9070 262
18-06-2005 15:03:56 9080 262
18-06-2005 15:04:06 9090 262
18-06-2005 15:04:16 9100 262
18-06-2005 15:04:26 9110 262
18-06-2005 15:04:36 9120 262
18-06-2005 15:04:46 9130 262
18-06-2005 15:04:57 9140 262
18-06-2005 15:05:06 9150 262
18-06-2005 15:05:16 9160 262
18-06-2005 15:05:26 9170 262
18-06-2005 15:05:36 9180 262
18-06-2005 15:05:46 9190 262
18-06-2005 15:05:56 9200 262
18-06-2005 15:06:07 9210 262
18-06-2005 15:06:17 9220 262
18-06-2005 15:06:26 9230 262
18-06-2005 15:06:36 9240 262
18-06-2005 15:06:46 9250 262
18-06-2005 15:06:56 9260 262
18-06-2005 15:07:06 9270 262
18-06-2005 15:07:17 9280 262
18-06-2005 15:07:27 9290 262
18-06-2005 15:07:36 9300 262
18-06-2005 15:07:46 9310 262
18-06-2005 15:07:56 9320 262
18-06-2005 15:08:06 9330 262
18-06-2005 15:08:16 9340 262
18-06-2005 15:08:26 9350 262
18-06-2005 15:08:37 9360 262
18-06-2005 15:08:46 9370 262
18-06-2005 15:08:56 9380 262
18-06-2005 15:09:06 9390 262
18-06-2005 15:09:16 9400 262
18-06-2005 15:09:26 9410 262
18-06-2005 15:09:36 9420 262
18-06-2005 15:09,47 9430 262
18-06-2005 15:09:57 9440 262
18-06-2005 15:10:06 9450 262
18-06-2005 15:10:16 9460 262
18-06-2005 15:10:26 9470 262
18-06-2005 15:10:36 9480 262
18-06-2005 15:10:46 9490 262
18-06-2005 15:10:57 9500 262
18-06-2005 15:11:07 9510 262
18-06-2005 15:11:16 9520 262
18-06-2005 15:11:26 9530 262
18-06-2005 15:11:36 9540 262
18-06-2005 15:11:46 9550 262
18-06-2005 15:11:56 9560 262
18-06-2005 15:12:06 9570 263
18-06-2005 15:12:17 9580 263
18-06-2005 15:12:26 9590 263
18-06-2005 15:12:36 9600 263
18-06-2005 15:12:46 9610 263
18-06-2005 15:12:56 9620 263
18-06-2005 15:13:06 9630 263
18-06-2005 15:13:16 9640 263
18-06-2005 15:13:27 9650 263
18-06-2005 15:13:37 9660 263
18-06-2005 15:13:46 9670 263
18-06-2005 15:13:56 9680 263
18-06-2005 15:14:06 9690 263
18-06-2005 15:14:16 9700 263
18-06-2005 15:14:26 9710 263
18-06-2005 15:14:37 9720 262
18-06-2005 15:14:47 9730 262
18-06-2005 15:14:56 9740 262
18-06-2005 15:15:06 9750 262
18-06-2005 15:15:16 9760 262
2 1 2
s e c o n d s  Conductivity in
Date Time passed mS
18-06-2005 15 15:26 9770 262
18-06-2005 15:15:36 9780 262
18-06-2005 15:15:46 9790 262
18-06-2005 15:15:57 9800 262
18-06-2005 15:16:06 9810 262
18-06-2005 15 16 16 9820 262
18-06-2005 15:16:26 9830 261
18-06-2005 15:16:36 9840 261
18-06-2005 15:16:46 9850 261
18-06-2005 15 16:56 9860 261
18-06-2005 15:17:07 9870 261
18-06-2005 15:17:17 9880 260
18-06-2005 15:17:26 9890 260
18-06-2005 15:17:36 9900 260
18-06-2005 15:17:46 9910 260
18-06-2005 15:17:56 9920 260
18-06-2005 15:18:06 9930 260
18-06-2005 15:18:16 9940 260
18-06-2005 15:18:27 9950 260
18-06-2005 15:18:36 9960 260
18-06-2005 15 :18 46 9970 260
18-06-2005 15:18:56 9980 260
18-06-2005 15 19:06 9990 260
18-06-2005 15:19:16 1 0 0 0 0 260
18-06-2005 15:19:26 1 0 0 1 0 260
18-06-2005 15:19:37 1 0 0 2 0 260
18-06-2005 15.19:47 10030 259
18-06-2005 15:19:56 10040 259
18-06-2005 15:20:06 10050 259
18-06-2005 15:20:16 10060 259
18-06-2005 15:20:26 10070 259
18-06-2005 15:20 36 10080 259
18-06-2005 15:20:47 10090 259
18-06-2005 15:20:57 1 0 1 0 0 259
18-06-2005 15:21:06 1 0 1 1 0 259
18-06-2005 15:21:16 1 0 1 2 0 259
18-06-2005 15:21:26 10130 259
18-06-2005 15:21:36 10140 259
18-06-2005 15:21:46 10150 259
18-06-2005 15:21:56 10160 259
18-06-2005 15:22:07 10170 259
18-06-2005 15:22:17 10180 259
18-06-2005 15:22:26 10190 259
18-06-2005 15:22:36 1 0 2 0 0 259
18-06-2005 15:22:46 1 0 2 1 0 258
18-06-2005 15:22:56 1 0 2 2 0 258
18-06-2005 15:23:06 10230 258
18-06-2005 15:23:17 10240 258
18-06-2005 15:23:27 10250 258
18-06-2005 15:23:36 10260 258
18-06-2005 15:23:46 10270 258
18-06-2005 15:23:56 10280 258
18-06-2005 15:24:06 10290 258
18-06-2005 15:24:16 10300 258
18-06-2005 15:24:26 10310 258
18-06-2005 15:24:37 10320 258
18-06-2005 15:24:47 10330 258
18-06-2005 15:24:56 10340 258
18-06-2005 15:25 06 10350 258
18-06-2005 15:25:16 10360 258
18-06-2005 15:25:26 10370 258
18-06-2005 15:25 36 10380 258
18-06-2005 15:25:47 10390 258
18-06-2005 15:25:57 10400 258
18-06-2005 15:26:06 10410 258
18-06-2005 15:26:16 10420 258
18-06-2005 15:26:26 10430 258
18-06-2005 15:26:36 10440 258
18-06-2005 15:26:46 10450 258
18-06-2005 15:26:56 10460 258
18-06-2005 15:27:07 10470 258
18-06-2005 15 27:17 10480 258
18-06-2005 15:27:26 10490 258
18-06-2005 15 27:36 10500 258
18-06-2005 15:27:46 10510 258
18-06-2005 15 27:56 10520 258
18-06-2005 15 28 06 10530 258
18-06-2005 15:28:16 10540 258
18-06-2005 15 28:27 10550 258
18-06-2005 15:28:36 10560 258
18-06-2005 15 28 46 10570 258
18-06-2005 15:28 56 10580 258
18-06-2005 15:29:06 10590 258
18-06-2005 15 29  16 10600 258
18-06-2005 15:29:26 10610 258
18-06-2005 15:29:37 10620 258
18-06-2005 15:29:47 10630 258
18-06-2005 15:29:56 10640 258
18-06-2005 15 30 06 10650 258
18-06-2005 15 30 16 10660 258
18-06-2005 15:30:26 10670 258
213
seconds C onductivity in
Date Time passed mS
18-06-2005 15:30:36 10680 258
18-06-2005 15:30:46 10690 258
18-06-2005 15:30:57 10700 258
18-06-2005 15:31:06 10710 258
18-06-2005 15:31:16 10720 258
18-06-2005 15:31:26 10730 258
18-06-2005 15:31:36 10740 258
18-06-2005 15:31:46 10750 258
18-06-2005 15:31:56 10760 258
18-06-2005 15:32:07 10770 258
18-06-2005 15:32:17 10780 258
18-06-2005 15:32:26 10790 258
18-06-2005 15:32:36 10800 258
18-06-2005 15:32:46 10810 258
18-06-2005 15:32:56 10820 258
18-06-2005 15:33:06 10830 258
18-06-2005 15:33:16 10840 258
18-06-2005 15:33:27 10850 258
18-06-2005 15:33:37 10860 258
18-06-2005 15:33:46 10870 258
18-06-2005 15:33:56 10880 258
18-06-2005 15:34:06 10890 258
18-06-2005 15:34:16 10900 258
18-06-2005 15:34:26 10910 258
18-06-2005 15:34:36 10920 258
18-06-2005 15:34:47 10930 258
18-06-2005 15:34:56 10940 258
18-06-2005 15:35:06 10950 258
18-06-2005 15:35:16 10960 258
18-06-2005 15:35:26 10970 258
18-06-2005 15:35:36 10980 258
18-06-2005 15:35:46 10990 258
18-06-2005 15:35:57 11000 258
18-06-2005 15:36:07 11010 258
18-06-2005 15:36:16 11020 258
18-06-2005 15:36:26 11030 258
18-06-2005 15:36:36 11040 258
18-06-2005 15:36:46 11050 258
18-06-2005 15:36:56 11060 258
18-06-2005 15:37:06 11070 258
18-06-2005 15:37:17 11080 258
18-06-2005 15:37:26 11090 258
18-06-2005 15:37:36 11100 258
18-06-2005 15:37:46 11110 258
18-06-2005 15:37:56 11120 258
18-06-2005 15:38:06 11130 258
18-06-2005 15:38 16 11140 258
18-06-2005 15:38:27 11150 258
18-06-2005 15:38:37 11160 258
18-06-2005 15:38:46 11170 258
18-06-2005 15:38:56 11180 257
18-06-2005 15 39:06 11190 257
18-06-2005 15:39:16 11200 257
18-06-2005 15:39:26 11210 257
18-06-2005 15:39:36 11220 257
18-06-2005 15:39:47 11230 257
18-06-2005 15:39:56 11240 256
18-06-2005 15:40:06 11250 256
18-06-2005 15:40:16 11260 256
18-06-2005 15:40:26 11270 256
18-06-2005 15:40 36 11280 255
18-06-2005 15:40:46 11290 255
18-06-2005 15:40:57 11300 255
18-06-2005 15:41:06 11310 255
18-06-2005 15:41:16 11320 255
18-06-2005 15:41 26 11330 254
18-06-2005 15:41:36 11340 254
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Tracer Test Data for Madison Area Monitoring Piezometer 0.4 feet below injection piezometer 7/25/05
seconds Conductivity
Time passed in mS
0 263
10:30:12 40 269
10:30.22 50 267
10:31:23 110 388
10:31:32 120 384
10:31:42 130 386
10:31:52 140 380
10:32:02 150 373
10:32:12 160 373
10:32:23 170 373
10:32:33 180 377
10:32:42 190 374
10:32:52 200 376
10:33:02 210 384
10:33:12 220 388
10:33:22 230 388
10:33:32 240 382
10:33:43 250 378
10:33:53 260 383
10:34:02 270 387
10:34:12 280 392
10:34:22 290 394
10:34:32 300 389
10:34:42 310 383
10:34:53 320 379
10:35:03 330 375
10:35:12 340 374
10:35:22 350 375
10:35:32 360 375
10:35:42 370 375
10:35:52 380 379
10:36:02 390 388
10:36:13 400 400
10:36:22 410 401
10:36:32 420 404
10:36:42 430 375
10:36:52 440 326
10:37:02 450 355
10:37:12 460 388
10:37:23 470 374
10:37:33 480 370
10:37:42 490 370
10:37:52 500 372
10:38:02 510 373
10:38:12 520 375
10:38:22 530 378
10:38:33 540 381
10:38:43 550 398
10:38:52 560 405
10:39:02 570 413
10:39:12 580 418
10:39:22 590 417
10:39:32 600 425
10:39:42 610 433
10:39:53 620 430
10:40:02 630 424
10:40:12 640 423
10:40:22 650 423
10:40:32 660 422
10:40:42 670 420
10:40:52 680 422
10:41:03 690 424
10:41:13 700 424
10:41:22 710 422
10:41:32 720 436.4
10:41:42 730 428
10:41:52 740 421
10:42:02 750 423
10:42:13 760 420
10:42:23 770 416
10,42 32 780 414
10:42 42 790 414
10:42 52 800 411
^ 0  o f  PeLzotneter#3= 263
dlstance= 0.402 ft below injection point
total distance^ 0.402 ft
downward velocity = downward distance/ time to peak concentration
time to peak[ ]= 720 sec
velocity (v)= 0.00056 ft/sec
gradient (i)=  -1.02
assuming n= 0.2
Kv = v*n/i= 9.5 ft/day
Q  =  K iA = -9.6 ft3/day per 1 sq ft o f riverbed
48.24 ft/day
Conductivity in mS of Peizometer #3 Madison Area 0.4 ft below 
Injection Piezometer
450
430
410
390
370
350
330
310
290
270
250
400 800 1200 1600 2000 2400
215
seconds Conductivity
Time passed in mS
10:43:02 810 414
10:43:12 820 419
10:43:22 830 412
10:43:33 840 394
10:43:42 850 392
10:43:52 860 393
10:44:02 870 397
10:44 12 880 393
10:44:22 890 392
10:44:32 900 390
10:44:43 910 390
10:44:53 920 393
10:45:02 930 395
10:45:12 940 395
10:45:22 950 391
10:45:32 960 390
10:45:42 970 390
10:45:53 980 386
10:46:03 990 381
10:46:12 1 0 0 0 377
10:46:22 1 0 1 0 377
10:46:32 1 0 2 0 379
10:46:42 1030 378
10:46:52 1040 371
10:47:02 1050 366
10:47:13 1060 369
10:47:22 1070 371
10.47:32 1080 366
10:47:42 1090 358
10:47:52 1 1 0 0 354
10:48:02 1 1 1 0 355
10:48:12 1 1 2 0 359
10:48:23 1130 360
10:48:32 1140 359
10:48:42 1150 357
10:48:52 1160 357
10:49:02 1170 354
10:49:12 1180 351
10:49:22 1190 351
10:49:33 1 2 0 0 353
10:49:42 1 2 1 0 353
10:49:52 1 2 2 0 352
10:50:02 1230 351
10:50:12 1240 349
10:50:22 1250 347
10:50:32 1260 348
10:50:43 1270 350
10:50:53 1280 350
10:51:02 1290 349
10:51:12 1300 348
10:51:22 1310 348
10:51:32 1320 349
10:51.42 1330 348
10:51:53 1340 346
10:52:03 1350 345
10 52:12 1360 344
10:52:22 1370 344
10:52:32 1380 341
10:52:42 1390 340
10:52:52 1400 339
10:53:03 1410 339
10:53:13 1420 338
10:53:22 1430 337
10:53:32 1440 337
10:53:42 1450 337
10:53:52 1460 336
10:54:02 1470 336
10:54:13 1480 335
10:54:23 1490 334
10:54:32 1500 333
10:54:42 1510 333
10:54:52 1520 331
10:55:02 1530 331
10:55:12 1540 330
10:55:23 1550 330
10:55:33 1560 329
10:55:42 1570 329
10:55:52 1580 328
10:56 02 1590 328 216
s ec o n d s Conductivity
Time p assed in mS
10:56:12 1600 328
10:56.22 1610 327
10:56:33 1620 326
10:56:43 1630 326
10:56:52 1640 326
10:57:02 1650 326
10:57:12 1660 325
10:57:22 1670 325
10:57:32 1680 324
10; 57:42 1590 323
10:57:53 1700 323
10:58:02 1710 322
10:58:12 1720 323
10:58:22 1730 323
10:58:32 1740 323
10:58:42 1750 323
10:58:52 1760 323
10:59.03 1770 323
10:59:12 1780 322
10:59:22 1790 322
10:59:32 1800 322
10:59:42 1810 321
10:59:52 1820 321
11:00:02 1830 321
11:00:13 1840 320
11.00:23 1850 319
11:00:32 1860 319
11:00:42 1870 319
11:00:52 1880 319
11:01:02 1890 319
11:01:12 1900 319
11:01:23 1910 319
11:01:33 1920 319
11 01 42 1930 318
11:01:52 1940 317
11:02:02 1950 317
11:02:12 1960 316
11:02:22 1970 316
11:02:32 1980 316
11:02:43 1990 316
11:02:52 2000 315
11:03:02 2010 314
11:03:12 2020 314
11:03:22 2030 314
11:03:32 2040 314
11:03:42 2050 314
11:03:53 2060 314
11 04:02 2070 314
11:04:12 2080 314
11:04:22 2090 313
11:04:32 2100 313
11:04:42 2110 313
11 04:52 2120 313
11:05:03 2130 313
11:05:13 2140 313
11:05:22 2150 313
11:05:32 2160 313
11:05:42 2170 314
11:05:52 2180 313
11:06:02 2190 313
11:06:12 2200 312
11 06:23 2210 311
11:06:32 2220 311
11 06:42 2230 311
11:06:52 2240 310
11 -.07:02 2250 310
11:07:12 2260 310
11:07 22 2270 310
11:07:33 2280 310
11 07:42 2290 310
11:07:52 2300 309
11:08:02 2310 309
11:08:12 2320 309
11:08:22 2330 308
11:08:32 2340 308
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Appendix N 
Falling Head Test Data and Calculations
218
Hellgste 1 near Temperature Array A
2r: 0.38
K>
I— ‘
VO
testl test2 tests test4 test5
Interval height of Difference between Time in Time in Time in Time in Time in
marks water level & Static level Sec Sec Sec Sec Sec AVERAGl
Lw: length from bottom of
screen to sur&ce water 1.535 ft 2.46 5.4 3.6 0 0 0 0 0
rc: radius of falling head
cell 0.19 ft 2.3 5.24 3.44 31.71 8.78 8.56 8.71 9.32 8.8425
R: radius of piezometer: 0.03125 ft 1.98 4.92 3.12 50.51 26.83 25.84 26.98 28.05 26.925
Le=length of screen: 0.125 ft 1.64 4.58 2.78 46.32 45.24 46.76 47.09 46.3525
Sat thick plus static
height of water 3 .6 ft 1.36 4.3 2.5 66.72 66.3 66.98 68.06 67.015
Le/R: 4 0.99 3.93 2.13 88.57 88.59 89.45 91.22 89.4575
Values for A, B & C 0.66 3.6 1.8 112.61 111.09 113 116.5 113.3
3.45
0 59
2.86
1.8
2.18 1.59
154
|0.125
VADOSE ZONE
off of Graph, 
[Bouwer,1989]
A 1.8
0.4
0.9
3.45
0.34
0
Static level
3.28
2.94
1.48
1.14
137.48 136.43 140.17 144.6 139.67
167.28 165.89 170.82 174.95 169.735
1.8
 test2
— — te s ts  
test4  
te s ts
•AVERAGE
0 15050
Time inféconds
200
ln(Re/R) : ((l.l/ln(1.535ft/0.03125ft))-K(1.8-K).4 b[(3.45ft-1.535ft)/0.03125ft])/(0.125ft/0.03125ft))]‘^
ln(Re/R): 0.874116772
(l/t)ln(HO/Ht) = (l/t2-tl)in(Hl/H2)
(l/t)ln(HO/Ht): 0.006755526 per second
K=((rc^ in(Re/R))/2Lc)*(l/t)ln(H0/Ht)
0.0008527 ft/sec 
73.67 ft/day
HeBgate 2 28 ft south of Hellgate 1 near Temperature Array E testl test2 tests
2r: 0.38
K)
W
O
feet
Difference 
height between level & 
Interval marks of water Static level Time in Sec Time in Sec Time in See AVERAGE
4.20
1.34
2.86
14
Lw: length ftom bottom of
screen to surface water 2.425 ft 2.46 4.74 3.6 0 0 0 0
rc: radius of falling head cell 0.19 ft 2.3 4.58 3.44 5.88 5.69 5.43 5.56
R:radius of piezometer 0.03125 ft 1.98 4.26 3.12 17.93 17.83 17.61 17.72
Le=length of screen:
Sat thick plus static
0,125 ft 1.64 3.92 2.78 31.13 31.24 30.55 30.895
height of water 3.6 ft 1.36 3.64 2.5 45.25 45.27 44.54 44.905
Le/R; 4 0.99 3J7 2.13 61.11 61.08 59.07 60.075
Values for A  B & C off of Graph,
0.66 2.94 1.8 78.51 78.27 75.55 76.91
[Bouwer,1989] 0.34 2.62 1.48 97,4 97.02 94.49 95.755
A 1.8 0 2.28 1.14 119.25 118.28 116.09 117.185
2.04 0.7
2.425
|0125
VADOSE ZONE
0.4
0.9
4.2
Static level 1.14
TJ
20 800 100 120
• te s tl
•Iest2
tests
"AVERAGE
ln(Re/R) : [(l.l/b(2.425ft/0.03125ft))+((l.840.4 ln[(4.2ft-2.425ft)/0.03125ft])/(0.125ft/0,03125ft))]''
ln(Re/R): 0.903557759
(l/t)ln(H0/Ht) = (l/t2-tl)lD(Hl/H2)
(l/t)ln(H0/Ht): 0.009719532 per second
K=((rc^ ln(Re/R))/2U)*(l/t)ln(H0/Ht)
K; 0.0013 ft/sec
109.6 fVday
Madison Area Near Temperature Array B testl test2 test3 test4 test5
Difference
Interval height of between level Time in adjusted Time in adjusted Time in adjusted Time in adjusted T im e  in adjusted
2r. 0.38 feet marks water & Static level Sec tbne see Sec tune sec Sec time see Sec tune sec Sec time sec A verag
Lw: length from bottom of
screen to surface water 1.69 ft 2.46 5.815 3.6 1.84
rc: radius of falling bead cell 0.19 f t 2.3 5.655 3.44 4.23 0 2.3 0 3.61 0 0.84 0 1 0 0
R:radius of piezometer. 0.03125 f t 1.98 5.335 3.12 5.75 1.52 4.66 2.36 5.67 2.06 3.49 2.65 4.28 3.28 2.6
Le=Iength of screen: 0.063 f t 1.64 4.995 2.78 11.26 7.03 7.22 4.92 7.6 3.99 5.64 4.8 5.22 4.22 4.5
Ho= Sat thick plus static height
of water 3.44 f t 1.36 4.715 2.5 17.24 13.01 9,98 7.68 9.9 6.29 7.5 6 . 6 6 7.11 6.11 6.7
Le/R: 2 0.99 4.345 2.13 23.08 18.85 12.85 10.55 12.25 8.64 9.58 8.74 9.02 8 . 0 2 9.0
Values far A  B & C off of 0.66 4.015 1.8 29.16 24.93 16.12 13.82 14.74 11.13 11.94 11.1 11.15 10.15 11.6
Graph, [Bouwer,1989] 0.34 3.695 1.48 36.64 32.41 19.33 17.03 17.66 14.05 14.48 13.64 13.4 12.4 14.3
W
to
\ / A 1.8 0 3.355 1.14 45.37 41.14 22.98 2 0 . 6 8 17.04 16.2 15.74 14.74 17.2
2.24
0.89
1.35
2.22
2.2
1.31
1.69
|0 063
0.4
0.8
2.24
Static level 2.215 0
 tests
te s ts  
 test4
 te s ts
“♦"Average
10 seconds 15
VADOSE ZONE ln(Re/R): [(l.l/ln(1.69ft/0.03125ft))+((1.8-K).4 ln[(2.24ft-1.69ft)/0.03125ft])/(0.063ft/0.03125ft))]'
ln(Re/R); 0.57167785
(l/t)ln(HO/Ht) = (l/t2-tl)ln(Hl/H2)
{l/t)!n(HO/Ht): 0.06434385 per second
K=((rc^ ln(Re/R))/2Le)*{l/t)ln(H0/Ht)
K: 0.0106 ft/sec
918 ft/day
Ratdesnake near Temperature Array D
2 r  0.38
K>
W
120
1.74
.29
testl tesl2 tests test4 test5
Difference
height of between level & Time in Time in Time in Time in Time in
feet Interval marks water Static level Sec Sec Sec Sec Sec AVERAGE
Lw. length from bottom of
screen to surface water 2.465 ft 2.46 4.89 3.6 0 0 0 0 0 0
rc radius of falling head
cell 0.19 ft 2.3 4.73 3.44 0.6 0.67 0.66 0.69 0.93 0.665
R: radius of piezometer: 0.03125 ft 1.98 4.41 3.12 2.44 2.49 2.44 2.47 2.75 2.465
LeHeogth of screen: 0.125 ft 1.64 4.07 2.78 4.32 4.42 4.41 4.46 4.68 4.415
bat tbick plus static
height of water 3.6 ft 1.36 3.79 2.5 6.16 6.4 6.25 6.39 6.77 6.325
Le/R; 4 0.99 3.42 2.13 8.24 8.52 8.37 8.31 9 8.445
0,66 3.09 1.8 10.37 11.01 10.54 10.7 11.25 10.775
Values for A  B & C off of
Graph, [Bouwer,1989] 0.34 2.77 1.48 12.79 13.03 13.13 13.08 13.68 13.08
A 1.8 0 2.43 1.14 15.41 15.58 15.56 15.58 16.33 15.57
0.66
2.4
2.465
|0.125
0.4
0.9
120
Static level 1.29
10
u
*3m
W
-o
i
Q 0 425 85 1275 17
't e s t l
'test2
te s ts
test4
■ tests
^AVERAGE
ln(]l(l.l/ln(2.465ft/0.03125ft))+((1.8-K),4 ln[(150ft-2.465ft)/0.03125ft])/(0.125ft/0.03125ft))l' 
ln(l 0.655702071
(l/t)ln(H0/Ht) = (l/t2-tl)ln(Hl/H2)
(1/1 0.072753473 per second 
K={(rc^ ln(Re/R)V2Le)*(l/t)ln(H0/Ht)
K: 0.0069 ft/sec
595 ft/day
Appendix O 
Geochemistry
223
P26
Date
Discharge
(cfs)
Field Chemistry
Conductivity Temp
pH (mS) (deg C)
A lkalin ity  
(m g C a C O )/L )
Mass Spec ICP (ug/L)
C d Co C r  C u Fe M n  Pb
As ( 1 0 )  C a (lO O ) ( I D )  (1 .0 ) (1 .0 ) ( 1 0 )  (5 0 .0 ) K ( IO O )  M g  (1 0 0 ) ( 1 0 )  N a (lO O ) ( 1 0 )  Z n ( I .O )
IC (mg/L)
N O ; SO4 NO3
F  ( 0 0 6 )  C l (1 0 ) (0 .0 6 ) ( 1 0 )  (0  3 )
ISO
K)
NJ
4 /28 3.890 7.54 1 1 48019 1666 12902 6214 9.5 -1 6 .9 6 -1 2 9 .8 6
5/5 5.260 7 74 1 0 9 154 1.1 48153 1633 12924 6 570 6  5 0 .15 5 .7 2 0 .8 0 .5 7 -16.41 -1 2 9  24
5/14 4.069
5/19 3.740 7.75 0.448 10 1 2 45466 1 3 1580 13271 6304 23,3 -1 6 .6 9 -1 3 1 .0 7
5/25 4.930
6 /2 5,080 7 4 2 0 4 5 9 1 0 .6 1 1 45831 2 .6  2 .8 1545 12710 6749 28 .7 -1 6 5 3 -1 3 1 .9 6
6/9 5,160
6/16 4,270 7.658 0 4 6 1 1 0 ,6 151 0 .8 34067 1 1 1 2 9041 4462 2 1 .8 0.14 6 0 3 21.23 0 .59 -17 .63 -1 2 8  09
6 /2 2 3,270
6/30 3,200 7.51 0 4 6 8 1 0 1 1 0 49315 1.3 1623 12653 6185 24.1 -1 7 .0 8 -1 3 2 .8 2
7/9 2 .2 0 0
7/19 1,690 7.45 0 ,4 6 7 1 0 .6 137 1.1 48817 1866 13848 6893 2 3 3 0 1 3 6 .6 20.4 0 6 7 -16 .48 -1 3 1 .7 6
7/30 1 .2 1 0
8/13 958 7.46 0.355 10 .1 1 .0 50882 1.4 1607 13929 6 899 42 .7 -1 6 .7 2 -13 0 .3 3
8/30 1 .2 2 0
9/16 1.395 7.31 0.328 10.9 155 0 5 38469 1.1 1242 10061 4896 17.2 0.13 6 9 3 18.58 0 .6 8 -17 .22 -132.18
10/17 1.430 7 3 4 0.27 9.9 136 1.2 47233 1541 11843 6031 23.2 0.13 6.59 17.95 0.63 -1 7  17 -1 3 1 0 6
11/14 1.305 7.5 0 .317 9 .6 141 0.9 45683 4.9 1450 11669 5794 18.5 0.13 5 8 5 17.89 0 6 1 -1 6 5 2 -131 .72
12/13 1,340 7.4 8 .8 1.0 45356 4 .2 1491 12726 6194 14.4 -18.21 -135 31
1/19 2,525 7.09 0.347 9 .8 134 1 2 45187 3 3 1498 12436 6104 2 0 .1 0.13 5 3 1 17.88 0.54 -18 -1 3 4 6 3
2/4 1.380 8  12 0 3 4 2 9.8 125 0 8 48184 3 1 1630 11728 5860 18.4 0 1 3 5.20 18.26 0.53 -17 .58 -132 .42
2/18 1.030 7.27 0.282 9.8 1 .0 46884 2 .8 1470 12270 6 129 17.7 -1 7 .2 9 -13 0 ,9 2
3/4 1.130 7.66 0.346 9.9 133 0 .9 42207 2 .2 1479 11481 5819 28.4 0.14 5.17 18.56 0.50 -1 7 .0 6 -12 7 .4 6
3/16 1,320 7 69 0.348 9.8 131 0 .7 41581 5.9 1394 11302 5510 16.4 0.14 5.16 18.67 0.49 -17 ,25 -1 3 1 .4
3/29 1.600
4 /6 1,660 7.43 0.344 9 9 1.2 45282 1601 12216 6403 2 0 .6 -1 5 .5 6 -126.93
4/14 2.240
4 /2 6 3.450 7.5 0 3 1 4 9.9 142 1.3 46577 2,3 1537 12056 6741 20.3 0  15 5.18 18.86 0.44 -1 5 .6 -1 2 8 0 5
5/5 3 ,000
5 /1 7 8 .330 7 55 0.352 9 8 1 1 44295 1 .2  2 .2 1510 12204 6167 15.9 -16 .85 -1 3 2  32
5/25 7.150
6 /7 8 .980 7 2 8 0 .346 9 .9 1 1 45276 1.1 1.9 1537 12376 6454 15.9 0 1 4 5.41 0.00 19.05 0.44 -16 .59 -13 2 .8 4
6 /1 6 5,950 7.52 0.315 10.1 0 6 46435 1395 12643 6498 11.7 -1 6 ,6 9 -133  63
K )NJLA
P30
Date
D is c h a rg e
(c fs ) p H
Field  Chemistry  
Conductivity
(^ S )
Tem p  
(deg C )
A lkalin ity  
(m g  C a C O j/L ) As ( .1 0 ) C a (IO O )
C d C o C r  
( 1 0 )  ( 1 .0 )  ( 1 .0 )
M ass Spec IC P  (u g /L )  
Cu Fe
(1 .0 ) (5 0 .0 ) K ( IO O ) M g (lO O )
M n
( 1 ,0 ) N a (lO O )
Pb
(1 .0 ) Z n ( l  O)
IC  (m g /L )
N O j S O 4
F  (0  0 6 ) C l ( 1 0 )  (0 .0 6 ) (1 .0 )
N O j
(0 .3 ) 0 "
IS O
H '
4/28 3,890 8.06 0 .8 42412 1490 11989 6028 17.4 -17.1 -12 9 .5 2
5/5 5 ,260
5/14 4 ,069 7.45 0.389 9.1 132 0.9 41673 4.3 1428 11803 6221 15 2 0 .1 1 5.2 14.9 0.74 -1 6 .9 8 -129.93
5/19 3,740
5/25 4,930 7 17 0 4 1 7 9  5 0 .9 42525 1.2 1459 12509 6271 2 1 .8 -1 6 9 3 -1 3 0 .6 6
6 /2 5,080
6/9 5 ,160 7.86 0.41 9.8 139 1.2 47630 2 .0 1669 14367 7291 29.0 0 .1 6.3 1 4 3 2 0.79 -1 7 .3 9 -1 2 7 .2 4
6 /16 4 ,270
6 /2 2 3,270 7,39 0.405 9 .9 0  8 40823 1 5 1363 11923 6000 22 .1 -1 7 .4 -129.31
6 /3 0 3,200
7/9 2 ,2 0 0 7.52 0 4 1 7 9 .8 148 0 4 27461 1572 11994 6252 2 3 6 0 .1 2 5.8 1 3 8 0  84 -1 6 9 8 -1 3 1 6 6
7/19 1,690
7/30 1 ,2 1 0 7 .32 0.423 1 0 . t 0 .9 46686 2.62 1720 12901 6718 11.7 -1 5 .9 8 -131.73
8/13 958
8/30 1 ,2 2 0 7.4 0 .309 10 144 0.9 38681 1.1 1271 10993 5597 23.5 0 .1 1 6 6 1  1 3 8 6 0 .8 8 -1 7 .3 4 -131.41
9/16 1,395
10/17 1,430
11/14 1,305
12/13 1,340 7.38 0.334 9 4 0 .6 41160 1 2 1329 12652 6105 18 9 -17 .82 -132.83
1/19 2,525 7.43 0 .329 9.4 124 0.8 40771 1.4 1308 12001 6167 22.3 0 .1 0 5 .27  13 26 0.80 -17.01 -1 3 0 .7 7
2 /4 1,380 7.89 0.321 9.4 117 0.5 43096 1.1 1496 I l  583 5825 17.9 nd 5.12  13.69 0.76 -1 7 .7 8 -1 3 2 4 2
2/18 1,030 7 .47 0 3 3 4 9.3 0 .7 41267 2.7 1195 11910 6293 52,2 -1 6 .4 7 -129.78
3/4 1 ,130
3 /16 1,320 7.59 0 .326 9.2 126 0.4 7 2382 2.5 2444 11092 9827 31.6 0 .1 0 5.37  1441 0.65 -17 .48 -130.33
3/29 1,600
4 /6 1,660 7 .46 0.326 9.1 0 9 41179 1406 11956 6099 17.9 -16 -1 2 7 6 8
4 /1 4 2 ,240
4 /26 3,450 7.42 0.292 9.2 150 1.1 44555 1.1 1306 12580 6400 27.1 0 .11 5 .36  14.15 0.61 -16.81 -129.3
5/5 3 ,000
5/17 8,330 7.44 0.321 9.2 0 .9 42577 1.7 1.1 1339 11446 5783 19.7 -16 .86 -131 .7
5/25 7 ,150
6 /7 8 ,980 7.37 0.314 9.3 0 .7 39561 1260 11398 5774 20.9 0 .1 0 5.63 0 .00  12.88 0.76 -1 6 4 -131 38
6 /1 6 5,950 7 36 0 .277 9 4 0.3 40322 1194 11450 6128 13 1 -1 6 5 4 -131 89
P32 Field Chemistry Mass Spec ICP (ug/L) IC (m g/L) ISO
Dale
D is c h a rg e
(c fs ) pH
Conductivity
(pS)
Temp
(dcgC )
Alkalinity  
(mg C a C O /L ) As (.10) C a(lO O )
Cd Co Cr 
( 1.0 ) ( 1.0 ) ( 1.0 )
Cu Fe
(1 0 ) (5 0 0 ) K (IO O ) M g (100 )
M n
( 1.0 ) N a (lO O )
Pb
(1 .0 ) Z n (l.O )
N O ,
F (0  06) C l (1 0 )  (0 .06)
so,
( 1.0 )
N O ,
(0.3) PO , 0"
4/28 3,890 7.03 2 .0 45553 1565 12417 1.1 6111 13.3 -16.87 -129.98
5/5 5,260 7.58 n/m 8 .6 132 2 .0 44348 1513 12073 5963 14.7 0 .11 4.1 19.2 0.4 -16.64 -129.99
5/14 4,069 7.89 0 361 8 4 1 8 43186 1469 11880 5957 21.3 -16.98 -131.07
5/19 3,740 7.35 0.382 8 .2 1.9 38360 1.8 1356 11093 5463 21.9 0.13 4.2 17.2 0.4 ■ 17.11 -131.78
5/25 4,930 7.39 0.394 8  6 1.8 41359 1.9 1459 11932 5933 22.3 -17.2 -132.72
6 /2 5,080 7.39 0.391 9 1 2 .0 38141 2 .0 1.1 1340 10942 5863 29.7 -16.84 -131.91
6/9 5,160 7.79 0.394 9.2 146 2.1 42349 1.2 1482 12427 6786 28.1 0.13 4.5 15.8 0.4 -17.46 -129.07
6/16 4,270 7.353 0.388 13.7 133 1,4 29120 990 8058 3879 15.3 0.14 4.1 15.7 0.4 -17.82 -128.9
6 /2 2 3,270 7 41 0.358 9 6 1.9 39417 1 6 1332 11132 5604 183 -17.41 -130.36
6/30 3,200 7.65 0.39 9.3 1.7 26679 11 1499 11021 5837 31.6 -17.6 -133.55
7/9 2 ,2 0 0 7,35 0 3 9 9 5 125 1.7 28384 1685 12083 6147 20.9 0 1 3 3.7 14.5 0.4 -16.89 -1 3 1 9 8
7/19 1,690 7.39 0.391 9.7 120 2 .0 40708 1.1 1651 11435 5772 2 6 9 0.13 3.6 14.5 0,4 ■ 16.27 -132.25
7/30 1,210 7.33 0.396 9.7 2 .0 45899 1.1 1726 12625 6326 13.9 -16.5 -131.17
8/13 958 7.57 0.305 10.1 1.9 36973 1.0 1338 10655 5056 33.0 -17.04 -131.24
8/30 1,220 7.69 0.309 10.7 138 2.1 40883 1.9 1445 11275 5349 22.5 0.14 3.9 161 0.3 -17.23 -131.7
9/16 1,395 7.31 0.291 10.9 139 0.8 28167 1.1 1078 8218 3914 2 0 .8 0.13 4.0 16.3 0.4 -17.02 -132.12
10/17 1,430 7.3 0.3 11.5 137 2.3 43716 1.6 1579 11356 5430 26.7 no data -17 -130.74
11/14 1,305 7.55 0.299 10.7 136 1.8 39267 1.5 1416 10936 5143 24.4 0 .1 2 4.0 19.0 0.3 -17.07 -131.01
12/13 1,340 7.62 0 3 4 10.4 2 .0 41211 1.9 1443 11629 5675 18.7 -17.65 -133.61
1/19 2,525 7.5 0.329 9.6 125 2 .0 41620 1377 11668 5615 15.8 0 .1 2 4.2 19.2 0.3 -17.03 -130.76
2/4 1,380 7,62 0 3 2 6 9 4 116 16 44024 1.2 1561 11445 5508 20.5 0 .1 2 4.3 2 2 .2 0.3 -17.9 -134.14
2/18 1,030 7.39 0.336 9.3 1 8 42335 1358 11558 5559 2 1 .0 -16.22 -128.74
3/4 1,130 7.56 0.325 8.6 125 1.6 39850 2 .6 1340 11303 5511 18 9 0  12 4.2 2 0 .2 0.3 -16.9 -128.03
3/16 1,320 7.58 0.329 8.7 125 14 38362 1.0 1198 9814 4729 19.7 0 .1 2 4.3 19.8 0.3 -17.11 -129.53
3/29 1,600 7.54 0.277 7.9 2.1 43549 1.7 1350 12 02 0 5812 23.0 •17.58 -132.31
4/6 1,660 7.51 0.326 8 1.9 42714 b.d. 1469 11818 5798 16.6 -16.87 -129.89
4/14 2,240 7.66 0.317 9.6 2  1 40591 1.0 1294 11112 5677 27.4 0 .1 2 4 2 18.8 0.3 -17.42 -132.05
4/26 3,450 7.59 0.291 7.9 141 2 .0 45251 1403 11685 6171 23.9 0.13 4.2 18.4 <PQL -16.23 -128.82
5/5 3,000 7.5 0.288 8.1 0 .8 41948 1.5 1268 11055 5698 63.7 -19 0 1 -133.13
5/17 8,330 7.39 0.309 7.7 1.9 39264 1,6 2 6 1298 11215 5933 22.3 -17.06 -132.29
5/25 7,150 7,11 0.319 8.3 2 0 39250 1285 10936 5490 2 2 .0 0.13 4 6 0 .0 0 1 60 0.4 -16.52 -131.91
6/7 8,980 7.4 0.308 8.3 1.9 38540 1.2 1270 10759 5442 6.7 0.13 4.7 0 .0 0 15 1 0.4 -16 6 5 -132 09
6/16 5,950 7.44 0 273 8 6 1 6 39846 1201 10950 5627 11.8 -1 6 4 7 -130 54
K)KJ
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P34 Field C hem istiy M ass Spec IC P  (u g /L ) IC  (m g /L ) IS O
Date
Discharge
(cfs) p H
Conductivity
(p S )
Tem p  
(deg C )
A lkalinity  
(m g C a C O j/L ) As (.1 0 ) C a (lO O )
C d C o  C r  
( 1 .0 ) ( 1 .0 ) ( 1 .0 )
C u  Fe
(1 .0 )  (5 0  0 ) K ( IO O ) M g (lO O )
M n
( 1.0 ) N a (lO O )
Pb
(1 .0 ) Z n ( l .O )
N O j
F (0 .0 6 ) C l (1 .0 ) (0 .06 )
SO 4
( 1.0 )
N O j
( 0 3 ) 0 " H *
4/28 3,890 7.05 1 6 44131 1.4 1514 12009 5918 12.7 -1 7 .1 8 -130.33
5/5 5,260
5/14 4 .069 7.51 0.4 8.4 134 1.5 46955 1470 12448 6177 19.7 0 .1 2 4.3 17.4 0.41 -17.01 -131.42
5/19 3,740
5/25 4,930 7.4 0.405 8.7 1.5 41401 1.5 1.1 1454 11916 6019 21.9 -1 7 .0 4 -1 3 2 .19
6 /2 5,080
6/9 5,160 7.86 0.41 9 3 137 1 .6 43264 1450 13187 6645 26.5 0.13 4 5 16 0 0.44 -17 .34 -127.3
6 /16 4,270
6/22 3.270 7.36 0.391 9 .4 1 5 41538 1355 11798 5750 23.8 -17 ,49 -1 2 9  26
6 /3 0 3.200
7/9 2 ,2 0 0 7.52 0,417 9 4 130 1.1 27931 1607 12171 6081 24.3 0 .1 2 4.4 1 4 8 0.42 -1 7 0 8 -1 3 2 3
7 /19 1.690
7 /3 0 1 ,2 1 0 7.57 0.416 9.5 1.4 47563 1732 13176 6648 14.3 -1 6 .5 7 -129.11
8 /1 3 958
8/30 1 ,2 2 0 7.63 0.317 10 139 1 .6 42395 1 .0 1418 11905 5674 27.2 0.13 4 3 1 15.3 0 .4 0 -17 .36 -132 .34
9 /1 6 1,395
10/17 1,430
11/14 1.305 7 6 2 0.297 9 8 140 1 4 38623 1390 11414 5449 24.5 0 .1 2 4.49 16.5 0.38 -17 .07 -131.35
12/13 1,340 7 4 6 0.333 9.6 1.5 41345 1381 11684 5687 17.1 -17 .79 -132.93
1/19 2,525 7.4 0.33 9.3 135 1.5 4 0512 1311 11617 5579 20 .4 0 .1 1 4 .52 16.5 0.36 -1 6 .8 9 -1 3 0 6
2/4 1,380 7.31 0 2 5 3 9.1 129 1.2 4 2520 1377 11162 5389 23.3 0 .1 2 4 .5 6 18.0 0.35 -17.81 -13 3 .2 7
2/18 1,030 7.51 0.333 8.7 1.4 42865 1360 11904 5787 23.1 -17 .06 -132.15
3/4 1,130
3/16 1,320 7 .39 0.329 8.7 127 1.1 42149 1295 10643 5137 20 .7 0  12 4.51 17.0 0.36 -17 .69 -131.15
3/29 1,600
4 /6 1,660 7.43 0.325 8.5 1.7 42913 1413 12093 5867 2 0 .0 -16 .97 -13 0 .0 7
4/14 2,240
4/26 3,450 7.44 0.294 8 5 150 1 .6 41914 1348 11151 6055 15.0 0 .1 2 4.33 16.5 0.33 -16 .97 -131.66
5/5 3 ,000
5 /17 8,330 7.43 0.318 8.5 1.5 43009 1.2 1346 11432 5580 2 1 .0 -17 .35 -132 88
5/25 7,150
6 /7 8 ,980 7.34 0 3 5 8 8 .8 1.6 40473 1.1 1.1 1302 11626 5716 21 .7 0 .1 2 5.03 0.00 1 4 9 0.41
6/16 5,950 7.39 0 285 9  1 1.1 4 1226 03 1195 11403 5660 14.1 -16 .47 -133.31
KJ
N )
00
CFR
Date
Discharge
ic fs j . p H
Field  Chemistry
Conductivity
mS
Tem p
(d e g C )
Alkalin ity  
(me C a C O ,/L ) A s (  10) C a (lO O )
M ass Spec IC P  (u g /L )
C d C o  C r  C u  Fe  
(1 .0 ) (1 .0 ) (1 .0 ) ( 1 0 )  ( 5 0 0 )  K ( IO O ) M g  ( 1 0 0 )
M n
( 1 0 )
Pb
N a d 0 0 ) ( 1 0 )  Z n ( l .O )
IC  (m g /L )
NOj SO4 
F ( 0 0 6 )  C K I  O) (0  0 6 ) (1 0 )
N O ]
(0 .3 ) 0"
ISO
7/30 1 .2 1 0 8 .2 0.365 2 0 3 .7 36088 11 1755 11868 14.2 5317 7.7 -1 6 .6 5 -132.11
8/13 1.130 8.32 0 .36 1 9 5 2 ,9 3 2949 1 .2 1443 11684 10.4 5025 19.9 -1 7 .0 8 -13 1 .4 5
8/30 1 ,2 2 0 8.52 0.294 16.5 127 3.7 37896 1 4 1728 11694 6.0 5946 18.8 0 .17 2,54 26.3 nd -17 .2 -1 3 1 .6 7
9/16 1,395 8 .2 0.291 11 .1 129 1.5 28718 1449 8996 6.3 4 939 1 6 4 0.18 2.87 29 .4 nd -1 6 9 6 -1 3 2 3 6
10/17 1.430 8.18 0 .299 9.8 122 4.1 4 3898 1.4 1948 11314 5.1 6 989 19.8 0 ,2 2 3.34 3 5 .6 nd -1 6 8 8 -131 .7
11/14 1,305 8.14 0.298 2 .8 117 3.0 40209 1580 11082 2 .8 6429 1 9 0 0 .1 9 2.83 34.2 nd -1 7 .1 2 -1 3 2 7 8
12/13 1.340 8.28 0.321 1.5 2.9 38176 1.1 1604 11157 3.0 6578 15.5 -1 7 .7 4 -1 3 3 .4
1/19 2,525 8 0.314 0 103 2 .8 37662 1.1 1475 11661 4.0 6343 1 7 4 0.18 3.96 0 0 0 32.8 nd -1 5 .4 9 -1 2 7 .1 7
2/4 1,380 8  8 8 291 1 .2 103 2.5 36903 1610 10293 7.0 5738 1 7 5 0 1 7 2.78 0 .0 0 31 2 nd -1 7 .5 4 -134.31
2/18 1,030 0 .316 0 7 (ice) 2 .8 38664 1448 11017 8,4 6159 1 0 5 -1 6 .7 9 -1 2 7 .8 2
3/4 1.130
3/16 1,320 8 9 0 .2 9 6 99 2 .8 35555 1 3 1432 11192 15.2 5272 1 0 .2 0 .17 2.75 31.3 0 .0 0 -1 7 .1 8 -131 52
3/29 1,600
4 /6 1,660 8.27 0.331 7.6 3.0 32548 1401 9648 2 1 .2 5297 13 9 -16.8 -13 1 .2 5
4 /1 4 2 ,240
4 /2 6 3,450 7.78 0 .192 10.7 70 2 .6 27386 1127 8237 1 2 0 4475 17.5 O i l 1 6 6 17.9 n d . -16 .33 -1 2 8 .45
5/5 3 ,000
5/17 8 ,330 7 .9 ! 0 .1825 9.8 2.5 22242 1.6 1032 6546 8 3 3222 9 ,9 -1 6 .7 -1 3 1 .1 6
5/25 7,150
6 /7 8,980 7.81 0 .2 1 2 10.3 4 .5 24816 3.4 1211 6730 8 2 3968 19.7 0  12 1 69 0 .0 0 14.2 < P Q L -16 .36 -1 3 1 .18
6/16 5,950 8 .0 2 0 2 1 6 1 4 2 4 0 28538 2.3 1094 7884 1 0 .8 4566 20.5 -1 6 4 5 -1 3 0 .9 7
K'O
MM2 Field Chemistry M ass Spec IC P  (u g /L ) IC  (m g /L ) IS O
Date
Discharge
(cfs) p H
Conductivity
( mS )
Tem p  
(deg C )
Alkalinity  
(m g C a C O j/L ) As ( 1 0 ) C a (lO O )
C d C o C r  
( 1 0 )  ( 1 0 ) ( 1 .0 )
Cu
( 1 .0 )
Fe
(5 0 .0 ) K ( IO O ) M g (IO O )
M n
( 1.0 ) N a (lO O )
Pb
(1 .0 ) Z n ( l .O )
N O ;
F (0 .0 6 ) C l (1 .0 )  (0 .06 )
S0 |
( 1 .0 )
NOj
( 0 3 ) o"
4/28 3,890
5/5 5,260
5/14 4 ,069 7.13 0.37 10.4 8 6 2 .6 29608 1326 8153 4303 28.8 0.15 2 .0 0 13.2 nd -17 .18 -13 2 .3 7
5/19 3 ,740 7.38 0.328 10.3 3.1 2 9349 1 7 1244 8736 3997 38.2 -17 .26 -132.85
5/25 4,930 6.89 0.384 9 .7 2.5 2 7649 1 .0 1284 8242 3935 2 1 .8 -1 7 .3 4 -134
6 /2 5,080 6.97 0 .394 1 0 .1 2.5 27129 1.4 1254 7993 3878 14.2 -17 .78 -134.91
6/9 5,160 7.71 0 .385 1 1 3 91 2 .6 28391 1 7 1409 8858 4178 2 9 .7 0 .1 2 1.82 1 2 3 nd -18  12 -130 .45
6/16 4,270 7.175 0.38 10 91 3.0 31251 1.5 1826 11336 4819 38 .0 0.14 1.95 12.9 nd -17 .95 -129.95
6 /2 2 3,270 7.14 0.377 1 0 5 2 6 25113 1.5 1401 9510 4204 28.8 -17 .32 -130.63
6/30 3,200 7.12 0.372 9.7 2.4 22015 1 2 1489 9085 4215 3 3 .7 -17 .73 -1 3 3 0 7
7 /9 2 ,2 0 0 7.1 0 3 8 5 9.7 109 2.3 23193 1561 10134 4424 31.3 0 .1 2 1.70 14.1 -16.95 -132.68
7/19 1,690 7.04 0.394 10.1 118 2.3 40051 1738 11809 5437 3 8 3 0 .1 2 3.10 15.6 nd -1 6 .0 6 -131.43
7/30 1 ,2 1 0 7.11 0.409 10 2.5 46181 1 4 1842 12934 6028 14.0 -16 .07 -130.41
8/13 958 7.09 0.316 10.4 2.5 41778 2 .1 1568 12063 5216 33.1 -17 .19 -131.71
8/30 1 ,2 2 0 7.23 0.305 10.9 148 2.5 40972 1426 11213 4995 19.7 0.13 3.30 17.3 nd -17.31 -132 .67
9/16 1,395 7.07 0.308 10.9 154 1 .0 35558 1169 9408 4352 30.3 0.13 3.62 17.9 0.32 -17 .12 -131.78
10/17 1,430 7 3 5 0.301 10.7 139 2 .2 45396 1599 12077 5783 19.0 0.13 4.52 16.6 0.46 -17.11 -1 3 1 .8 7
11/14 1,305 7,27 0.297 10 136 1.8 430 4 7 1473 11268 5487 1 0 .2 0 1 2 4.35 16.6 0 .40 -17 .05 -1 3 1 .64
12/13 1,340
1/19 2,525
2/4 1,380
2/18 1,030
3/4 1,130 7.46 0.328 9.6 126 1.4 39885 1331 11467 5508 14.4 0 .1 2 4.41 18.8 0 .36 -16 .96 -129.11
3/16 1,320 7.49 0.327 9 1 126 1 5 41756 1284 11691 4970 1 3 9 0 .1 2 4.59 19.5 0 3 6 -17 .44 -13 1 .2 7
3/29 1,600 7.49 0.281 8.7 1.9 45031 1415 12882 6053 16.2 -1 7 .1 7 -1 3 1 .6
4 /6 1,660 7.4 0.331 9.2 2 .0 43000 1507 11909 5687 15.0 -1 7 3 3 -131 21
4/14 2,240 7.19 0.331 9.1 121 2.3 43034 1601 12084 6397 2 0 .1 0 .1 1 1 0 9 2 8 9 0.49 -1 6 0 6 -128.76
4/26 3,450 6.93 0.257 9,7 1 1 0 2 .2 38956 1511 11107 6039 2 0 .1 0 .1 2 5.9 27.0 0.46 -16 .22 -128.43
5/5 3 ,000 6.99 0.265 9.5 2.4 34205 1.1 1404 9409 4924 22.7 -17 .13 -1 3 1 2 9
5/17 8,330 7.21 0 3 4 9 9 2.3 28146 1.1 1.5 1103 7535 4405 43 .8 -1 6 5 7 -131 14
5/25 7,150 7 0.312 9.1 2.3 27163 1192 7699 4164 24.2 0.13 2.27  0.00 14.0 < P Q L -1 6 6 2 -131 84
6/7 8 ,980 7.06 0 2 9 4 8 .8 2.3 35023 1339 9705 5459 1 9 5 0 .1 2 3.10  0.00 14,9 0,28 -1 6 4 7 -131 81
6/16 5,950 7 06 0  261 9.1 1 9 28683 1088 8366 4300 46 .8 -1 6 4 2 -131 82
M M 4
Date
D isch arg e
(c fs ) pH
Field Chemistry
Conductivity
(ttS)
Temp
(deg C)
Alkalinity
(mg C aC O j/L ) As (1 0 ) C a(lO O )
Cd Co Cr 
( 1.0 ) ( 1.0 ) ( 1.0 )
Mass Spec ICP (ug/L) 
Cu Fe
(1.0) (50  0 ) K (IO O ) M g (100)
M n
( 1 0 ) N a (lO O )
Pb
(1 .0 ) Z n ( lO )
IC (m g/L) 
NOj
F (0.06) C l (1.0) (0 .06)
SO .
( 1.0 )
NOj
(0 .3 ) 0"
ISO
Am 3,890 4/28
5/5 5,260 5/5
5/14 4,069 7.24 0.38 10.1 123 1.8 42002 1486 11640 5846 33.2 O i l 5.49 16.7 0.49 -16.85 -130.59 5/14
5/19 3,740 7.42 0.366 9.5 2.1 38536 1.3 1429 11192 5467 32.6 -17.01 -131.86 5/19
5/25 4,930 7.07 0.4 9.6 2 .0 42272 1 6 1576 12137 6468 20.9 •17.31 -132.6 5/25
6 /2 5,080 7.06 0.378 9.8 2.3 36153 2.3 1445 10459 6812 2 8 6 -18.01 -133.99 6 /2
6/9 5,160 7.8 0.373 11.5 111 2.5 40182 1.7 1639 12121 6912 28.8 0.13 5.16 15.1 0.43 -1 7 4 5 -130.26 6/9
6/16 4,270 7.329 0 3 6 11 121 2 .8 39206 1.7 1811 14223 7262 25,2 0.13 4.45 14.5 0.39 -1 7 8 8 -129.06 6/16
6 /2 2 3,270 7.14 0 3 5 9 10.1 2.5 37121 1.5 1510 11095 5971 25,7 -17.71 • 128.06 6 /2 2
6/30 3,200 7 1 4 0 3 6 5 10.1 2.4 25121 1594 10379 5441 2 3 3 -17.54 -133.07 6/30
7/9 2 ,2 0 0 7.33 0.37 10.2 110 2 .2 25195 1628 10722 5392 27.8 0.13 3.40 14.0 0.32 -16.85 -131.31 7/9
7/19 1,690 7.21 0.386 10.9 113 2.4 40477 1772 11518 5620 12.5 0.13 3.70 14.5 0.36 -16.32 -1 3 0 1 9 7/19
7/30 U l O 7.31 0.391 10.9 2 .6 39018 1783 11989 5952 11.4 -16.55 -131.5 7/30
8/13 958 7.37 0.306 11 6 2 .6 39058 1501 11024 5224 16.6 -17.16 -132.07 8/13
8/30 1,22 0 7.28 0.29 12.4 138 2.9 41990 1581 11123 5356 2 0 .2 0.13 3.72 0.00 17.5 0.36 -17.19 -131.11 8/30
9/16 1,395 7.26 0.301 12 ‘ 141 2 .8 38444 1605 10878 5201 19.0 0 .1 2 4.11 0.00 18.3 0.39 -16.98 -1 3 1 6 6 9/16
10/17 1,430 10/17
11/14 1,305 11/14
12/13 1,340 12/13
1/19 2,525 1/19
2/4 1,380 2/4
2/18 1,030 2/18
3/4 1,130 3/4
3/16 1,320 7.47 0.323 7,7 121 2.1 40498 1203 12309 5051 15.4 0  12 4.14 20.9 0.30 -16.6 -1 2 9 6 4 3/16
3/29 1,600 3/29
4/6 1,660 4/6
4/14 2,240 4/14
4/26 3,450 4/26
5/5 3,000 5/5
5/17 8,330 5/17
5/25 7,150 5/25
6/7 8,980 6/7
6/16 5,950 7.2 0.255 9.6 2.1 36574 1231 10128 5647 10.7 -1 6 7 -132.45 6/16
N )W
M M 5 Field Chemistry Mass Spec ICP (ug/L) IC  (m g/L) ISO
Date
Discharge
(cfs) pH
Conductivity
(pS)
Temp
(degC )
Alkalinity 
(mg C aC O j/L ) As ( 1 0 ) C a(IO O )
Cd Co Cr 
( 1 0 ) ( 1 0 ) ( 1 0 )
Cu Fe 
(1 0 )  (50.0) K (IO O ) M g (lO O )
M n
( 1.0 ) N a(lO O )
Pb
(1 0 )  Z n (L O )
N O i
F (0 .06) Cl (1 0 )  (0 .06)
SO4
( 1.0 )
N O ,
(0 .3 ) 0" H *
4/28 3,890 4/28
5/5 5,260 5/5
5/14 4,069 7.18 0.458 9.8 162 2.4 56885 1,5 2255 16524 9870 28.5 0  11 1365 21.9 1.83 -1 6 3 3 -127.7 5/14
5/19 3,740 741 0.439 10.2 3.5 45052 3 1 2466 13669 5865 13 1 -16.21 -126.73 5/19
5/25 4,930 7,05 0.477 9.7 3.5 51102 1.9 1 8 2879 15800 8446 18.2 -16.32 -126.2 5/25
6 /2 5.080 6.9 0.551 11.1 2 .2 58106 16 2148 18477 9660 19.6 -17.58 -132.51 6 /2
6/9 5,160 7.56 0.52 11 173 2 .0 52620 1.1 2049 18118 9199 25.7 0 .1 2 6.58 18.9 1.46 • 17.49 -127.24 6 /9
6/16 4,270 7.149 0.45 1 1 .2 148 1.9 53078 1 2 2158 19367 8837 2 3 9 0.13 5.78 17.1 0.97 -17.7 •127.34 6 /16
6 /2 2 3,270 7.08 0.447 11.9 1.9 45118 1850 14825 7750 18.8 •17,39 -127.3 6 /2 2
6/30 3,200 7 0.416 10 6 2 .0 46291 1999 13423 7527 26.7 -1 6 3 2 -131.02 6/30
7/9 2 ,2 0 0 7 16 0.427 9.8 134 1.8 49126 1984 14065 7692 39.6 0.13 8.30 1 49 0.78 -15.94 -130.55 7/9
7/19 1,690 7.17 0.449 10.2 118 19 41219 1803 12283 6289 22 .1 0.14 4.70 1 4 7 0.52 -16.46 -130.33 7/19
7/30 1,21 0 7.2 0.454 10.1 1.9 49758 1.0 1874 14005 7259 10.2 -15.99 -130.2 7 /30
8/13 958 7.44 0.316 10.4 1.7 41795 1427 11960 5785 17.3 -17.48 -131.84 8/13 1
8/30 1 ,220 7 5 7 0.31 11 164 2 0 47681 1549 12883 6383 19.3 0.13 5.25 16.9 0.91 -17.14 • 132.85 8/30
9/16 1,395 7.2 0 3 3 1 1 06 170 0 9 40880 1370 10838 5884 7.5 0.13 7.03 17.6 1.27 -16 9 1 • 130.7 9/16
10/17 1,430 7.28 0.321 11 150 2.2 48179 1690 12454 6646 17.8 0.13 5 14 18.2 0.87 • 1 697 -131.66 10/17
11/14 1,305 7.45 0.297 10 140 1.8 42779 1461 11065 5403 16.9 0 .1 2 4.37 16.5 0.39 -17.17 -130.58 11/14
12/13 1,340 12/13
1/19 2,525 7.31 0.325 9.4 128 2 .0 45163 1458 13061 6369 12.4 0 .1 2 4.40 0.00 17.0 0.37 -17.99 -133.79 1/19
2/4 1,380 7.99 0.319 8.9 127 1.8 42554 1.4 1323 11447 5525 16.2 0 .1 2 4 .50  0 00 19.7 0.35 -17.77 -133.87 2/4
2/18 1,030 8.06 0.333 9 1.7 41788 1322 11421 5603 15.5 •16.87 -126.35 2/18
3/4 1,130 3/4
3/16 1,320 7.6 0.325 8.8 125 1.2 33899 1050 10453 4103 11.1 0.11 4.40 18.4 0.35 •17.06 -131.15 3/16
3/29 1,600 3/29
4/6 1,660 7.39 0.326 8.7 2 .0 41630 1361 11666 5651 12.6 -15.76 -127.7 4 /6
4/14 2,240 7.42 0.339 8.4 151 18 51275 1479 13788 6241 17.7 0 ,11 6.9 16.6 0.54 -16.51 -128.5 4/14
4/26 3,450 7.26 0.3 8.9 143 1.9 45085 1259 12305 5931 14.5 0 .1 2 4.6 17.1 0.36 -16.35 -129.09 4/26
5/5 3,000 5/5
5/17 8,330 7 16 0 419 9.4 3.6 53337 1.6 2 .6 2555 15140 7424 14.4 -15.74 -125.52 5/17
5/25 7,150 6  98 0.423 9.6 1.7 47496 1884 15555 9443 15.1 0.13 7.04 0 00 18.4 145 -16.46 -130.83 5/25
6/7 8,980 7.02 0.395 9.2 1 8 42582 1753 14062 7957 18.3 0 .1 2 6.23 0 0 0 16.6 1.06 -16.58 -131.51 6/7
6/16 5,950 7 0 4 0 284 9 6 1 4 38892 1456 12349 6276 13.6 -1 6 5 3 -1 3 2 0 5 6/16
WQM Field Chemistry Mass Spec IC P  (ug/L) IC  (m g /L ) IS O
Date
D is c h a rg e
(c fs )
Depth 
to « a te i pH
Conductivity
(p S )
Tem p  
(deg C )
A lkalin ity  
(mg C aC O j(L ) As ( .1 0 ) C a (lO O )
Cd Co Cr Cu Fe
(1 .0 ) (1 .0 ) (1 .0 ) ( 1 0 )  (50 .0 ) K ( IO O ) M g  (1 0 0 ) M n ( l  0)
Pb
N a d 0 0 ) (1 .0 )
Zn
( 1 0 )
F
(0 .0 6 )
C l NOj so, 
( 1 0 )  (0 .0 6 ) ( 1 .0 )
N O ,
(0 .3 ) o“ H '
4/28 3,890
5/5 5 ,260
5/14 4,069 33.17 7.27 0.43 9.4 140 1.9 46955 2025 12914 6812 21.7 0 .1 2 5.25  20 .0 0 .74 -1 6  94 -12 9 .9 9
5/19 3,740
5/25 4,930 31.95 7.17 0.433 9.1 2 .0 46261 2113 13244 7092 8.7 -17 .04 -1 3 1 7 8
6/2 5,080
6 /9 5,160 29 96 7.69 0 4 2 1 0 5 142 2 .0 45717 2481 13506 1 1 .2 7807 22.3 0.13 5.05  17.4 0.61 -17 .59 -127.93
6 /16 4 ,270
6 /2 2 3,270 7.22 0.413 9,5 1,5 43770 2541 12449 13.7 7113 2 2 .9 -17 .56 -127.27
6/30 3,200
7/9 2 ,2 0 0 7.26 0.41 9.4 133 1.9 4 6200 2447 11828 6554 17.3 0  13 4.40  15.2 0.39 -16 .6 -132.13
7/19 1.690
7/30 1 ,2 1 0 7.23 0.419 9.7 1.8 48271 1937 13101 6777 1 6 2 -16 .03 -129 .3
8/13 958
8/30 1 ,2 2 0 7.47 0.305 1 0 .8 152 2.1 44359 1845 11739 5669 1 1 5 0.13 4.37  0 .00  16.0 0.42 -17  22 -132 .38
DHl
Date
Discharge
(cfs)
Field Chemistry
Tem p
p H  Conductivity mS (deg C )
Alkalinity
(mg CaCOj/L)
Mass Spec ICP (ug/L)
Cd Co Cr Cu Fe Mn Pb
A s(10) Ca(lOO) (1.0) (1.0) (1 0) (1.0) (500) K(IOO) M g(100) (10) Na(lOO) (1.0) Zn(lO )
IC (mg/L)
N O ; S O , N O ,
F  (0  0 6 ) C l (1 0 ) (0  0 6 ) (1 .0 ) (0 .3 )
ISO
0 "  H"
9 /1 6 1.395
10/17 1,430 7.18 0 2 8 5 1 2 3
11/14 1,305
12/13 1,340 7.23 0.324 1 0 9
1/19 2,525 7.23 0.236 9.9
2/4 1,380 7.85 0.302 9 6
2/18 1,030 7.24 0.329 7 3
3 /4 1,130
3/16 1,320
3/29 1,600 7.92 0 2 6 1 8
4/6 1,660
4 /14 2,240 7.29 0 3 1 8 .2
4/26 3,450
5/5 3,000 6.93 0 2 1 7 8.5
5/17 8,330
5/25 7,150 6.53 0.0503 8.1
K ) 6/7 8 ,980
W
W 6/16 5,950 6.79 0 0 9 2 1 8 8
122
81
106
120
3.4 36253
2.9  
2  7 
2 6  
2 .4
4 0246
2 7487
3 5789
37265
1.4
3 .0  38257
2 .9  35475
1.5 31685
2.1 6155
0 6  10874
13
II 
3 1
1.7
I 1
2.8
1525 10466
1408
1184
1160
1159
12048
8139
10080
10438
1352 10721
1221 9685
1088 8361
47 4  1635
43 8  2847
8083
6308
7348
5753
5863
6210
6103
7907
1852
2354
45.3
29.3  
24.5  
35 I 
15.8
14.2
16.2
40.1
33.3
23.7
0 1 0  6.21 0 .00  18.3 0.82
7 .94
5 .40
0 .0 0  12.5 0 .46
0 .00  18.5 0 .67
0 .09  8 .8 6 19.0 0 4 9
< P Q L  1.38 0 ,00  2 .4 < P Q L
-17.1 -130 .45
• 17.89  
-17.51  
-1 7  11 
-1 6 3 5
-133 I 
-1 3 0 .7 7  
-1 3 0 .44  
-1 3 0 .69
-16 .95  -129.81
-1 6 8 6  -1 3 0 5
-17 .29  -12 9 .4 9
-1 6 .1 6  -126 .43
-1 6 3  -127 .32
DH2
Date
Discharge
(cfs)
Field Chemistiy
Temp
pH Conductivity mS (deg C)
Alkalinity
(mgCaCOj/L)
Mass Spec ICP (ug/L)
Cd Co Cr Fe Mn Pb
A s(10) Ca(lOO) (1.0) (1.0) (1.0) C u (10) (500) K(IOO) M g(100) (10) Na(IOO) (l O )Zn(l.O )
IC (mg/L)
NOi SO4 NOj
F  (0  0 6 ) C l (1 0 ) ( 0 0 6 )  (1 0 ) (0  3 )
ISO
0"
N)U>
4a.
9 /1 6
10/17
11/14
12/13
1/19
2/4
2/18
3/4
3/16
3 /2 9
4 /6
4/14
4/26
5/5
5/17
5/25
6 /7
6/16
1,395
1,430
1,305
1,340
2,525
1,380
1,030
1,130
1,320
1,600
1,660
2,240
3,450
3,000
8,330
7,150
8,980
5,950
7.49
7.46
7.52
7,69
8.17
8.19
7 3 8
7.44
7.33
7.25
7  29
0.305
0.305
0 3 3
3.22
0.326
0.335
0,279
0.331
0.291
0.308
0,278
10.4
10.5
10.6 
9.4  
8.1 
9
8.5
9.1
8,7
8.7
8 9
140
135
118
130
1.9 
18 
1.8
1.9
1.5
1.6
2.0
IS
18
1.9
1.3
41250
40709
2.0
43804
4 1 1 4 0
4 I2 0 I
41704
44750
41877
40 8 5 9  1.2
42788 1.8
40372  1.2
1.1
6.2 
106.1
7.4
20.5
1 4 3
7.5
5.5
12.8
1537
1399
1638
1361
1595
1319
11178
10861
11650
11800
11533
11572
1399 11296
1611 11707
1274 11946
1287 11142
1383 11238
16
5476
5364
6020
5969
5485
5381
5501
6799
6339
5629
5777
23 .7
33 .0
93.0
22.7  
28.4  
45.2
2 4 9
24.0
51,5
27.2
60.9
0 .12  4 .7 0
0 1 2  4.39
0.13
0.11
7.62
4 6 5
O i l  4 .9
0.00
0.00
16.2 0.37
1 6 6  0 .39
17.1 0.55
18.4 0 .37
17.0 0.35
0.11 4 1 9  0 .00  15.9 0.41
-17 .15
-17.21
-17 .72
-1 6 .9 8
-17 .59
-1 6 2 5
-132 .14
-132.01
-1 3 3 6 7
-131.12
-132 .94
-129.28
-1 7 .4  -1 3 1 9 6
-15  6 9  -126.91
-1 7 3 1  -131 .99
-16 .85  -132 .26
-16 .56  -131 .74
BLS
D ate
Discharge
(cfs) p H
Field Chemistry
Conductivity
(p S )
Tem p  
(deg C )
Alkalinity  
(m g C a C O j/L ) As (.1 0 ) C a (lO O )
C d C o  C r  
( 1 .0 ) ( 1 .0 )  ( 1 0 )
M ass Spec IC P  (u g /L )  
C u Fe
(1 .0 ) (5 0  0 ) K ( IO O ) M g  (1 0 0 )
M n
( 1 .0 ) N a (lO O )
Pb
( 1 0 )  Z n ( l  0)
IC  (m g /L ) 
NOj
F  (0 .0 6 ) C l (1 .0 ) (0 .0 6 )
S O ,
( 1.0 )
NOj
(0 .3 ) 0"
IS O
4/28 3.890
5/5 5 ,260
5/14 4,069
5/19 3,740
5/25 4 ,930 7.16 0.45 10.4 l . I 43505 1532 12339 6321 14.9 -17 .03 -131 .82
6 /2 5,080
6 /9 5 ,160 8.1 0.452 12.3 149 1 .2 4 8196 3.7  2342 13772 2.4 7266 33.4 0.13 5.11 2 0 .2 0.63 -17 .45 -1 2 8 .94
6/16 4,270
6 /2 2 3,270 7.56 0.447 1 0 .6 1 3 46883 1.7 1914 12147 6303 24.7 -17.61 -130 .06
6 /3 0 3,200
7 /9 2 ,2 0 0 7.62 0 4 4 1 10.5 139 0 7 49279 4 .6  2242 12913 1 .6 7230 32.6 0 .1 2 5,30 18.6 0  57 -16 .97 -131.55
7/19 1,690
7/30 1 ,2 1 0 7,6 0 .435 10,4 1 0 51431 3.0 2223 13656 1 .2 7298 17.8 -1 6 0 8 -131.44
8/13 958
8/30 1 ,2 2 0 7.48 .3 0 3 * 11 149 1 .2 42684 1437 11051 5638 21  2 0.13 5.20 1 7 2 0 4 8 -1 7 .2 6 -1 3 2 0 3
9/16 1,395
10/17 1,430 7.5 0.306 9.2 129 1.5 45825 1557 11694 5857 8 .8 0.13 5.27 1 6 9 0.54 -1 7 .6 7 -131 .82
11/14 1,305 7.52 0.301 8.9 137 1.3 4 3667 1495 11187 5733 13.7 0.14 4.96 17.9 0 .47 -17 .14 -1 3 1 .4 9
12/13 1,340 7,37 0.337 8 .2 1.1 42954 1441 12344 5930 11 .8 -17 .93 -133.81
1/19 2,525
2 /4 1,380 8.16 0.333 9.9 126 0.9 47256 1672 11520 5612 1 0 .6 0,14 4 .96  0.00 1 9 9 0.41 -17 .75 • 132.11
2/18 1,030 7.94 0.345 9.2 1.1 45314 1509 1 2 0 1 2 5967 17.5 -16 .84 -131.01
3/4 1,130
3/16 1,320 7.65 0.34 9.2 127 1 .0 42119 1471 11907 5411 13.8 0,13 4.96 20.9 0 41 -17 .27 -131.25
3/29 1,600
4/6 1,660 7.5 0 .34 1 0 2 1.4 44018 1585 11655 5912 2 0 .6 -16 .7 -129.45
4/14 2 ,240
4 /2 6 3 ,450 7,46 0.308 1 0 .2 144 1.5 44359 1633 11856 6183 16.6 0.14 5.12 19.9 0.40 -15.98 -129
5/5 3,000
5/17 8,330 7 63 0.343 1 0 .2 1.3 44307 2.1 1.4 1734 11911 1.9 6017 2 1 .0 -16 .97 -132.1
5/25 7,150
6 /7 8 ,980 7.34 0 3 4 7 1 0 1 1.3 45082 1596 12418 6349 15.7 0,13 6.06 0 .0 0 19.2 0 5 5 -16 .6 -132.56
I 6 /16 5,950 7 3 7 0.314 1 03 0.85 46086 51 1529 81 12560.69 6476.08 12.56 -1 6 4 9 -132.42
BLD
D a te
Discharge
(cfs)
Field Chemistry
C onductiv  T em p  (deg  
p H  ity  (p S )  C )
/UKaiiiui
y
(mg 
C a C O ,/L  
)
Mass Spec ICP (ug/L)
C d C o  C r C u M n  Pb
A s ( I O )  C a ( lO O )  (1 .0 )  ( 1 0 )  (1 .0 )  (1 .0 )  F e ( 5 0 0 )  K ( IO O )  M g ( lO O )  ( 1 0 )  N a ( lO O )  (1 .0 )  Z n ( l .O )
4 /2 8 3 ,8 9 0
5/8 5 ,2 6 0 7.61 0 .413 1.1 4 4 0 8 2 1455 11985 5 656 18.9 -1 6 .7 3 -1 3 0 .4 7
5 /1 6 4 ,0 6 9
5 /1 9 3 ,740
5 /25 4 ,9 3 0 7.58 0 4 3 3 10 4 1 0 4 1 9 2 4 1.2 1.9 1554 12477 6 3 4 4 16.9 -1 6 .8 4 -1 3 1 .8 2
6 /2 5 ,0 8 0
6 /9 5 ,1 6 0 7 .9 6 0.431 10.7 1.1 465 7 8 1.8 1681 13508 6 6 3 2 2 4 .6 -1 7 .5 9 -1 2 7 .7 4
6 /1 6 4 ,2 7 0
6 /2 2 3 ,2 7 0 7 .6 0  433 12.9 1 .0 4 6 3 0 8 2 .1 1730 12056 6048 3 8 3 -1 7 .6 4 -1 2 8 .2 3
6 /3 0 3 ,2 0 0
7 /9 2 ,2 0 0 7.59 0 .435 12.9 144 0 .4 28601 1 .6 1858 I2 1 8 I 6 1 0 9 17.4 0.13 4.4 18.9 0 .4 •  16 8 8 •1 3 1 9 8
7 /1 9 1,690
7 /3 0 1 ,2 1 0 7 .5 4 0 .4 4 4 10 0 .7 4 7 5 1 5 1 .2 1722 12630 6 2 7 8 13.3 -1 5 9 7 -1 2 9 .6 2
8/13 9 58
8 /3 0 1 ,2 2 0 7 .58 ,3 0 9 * 1 0 9 149 1 .0 4 4 0 7 4 1408 11686 5475 18.2 0 .1 5 4 3 1 18.7 0 .35 -17 .31 -1 3 3 .3 3
9 /1 6 1,395
10/17 1,430 7.46 0 .3 0 4 8 9 144 1.1 4 4 8 7 5 1442 11764 5696 13.2 0 .1 4 4 .0 6 18.0 0 .3 4 -1 7 .6 - 1 3 1 4 8
11/14 1.305 7 14 0 .295 8 .7 137 1.1 4 1 3 4 0 1426 11567 5778 19.15 0.13 3 .7 9 17.7 0.31 -1 7 .1 3 - 1 3 1 8 5
12/13 1,340
I / I 9 2 ,5 2 5
2 /4 1 ,380
2 /1 8 1,030
3 /4 1 ,130
3 /1 6 1,320
3 /2 9 1,600
4 /6 1,660
4 /1 4 2 ,2 4 0
4 /2 6 3 ,450
5/5 3 ,0 0 0
5 /1 7 8 ,3 3 0 7.52 0 .3 2 9 10.1 1.05 42 2 2 1 .9 3 1.30 1338.43 11220 .46 5666  61 12.87 -1 6 .9 4 -1 3 2  38
IC (mg/L)
F  C l NOj SO4
(0 .0 6 )  (1 .0 )  (0 .0 6 )  ( 1 0 )  N O 3 (0  3 )
ISO
toW
OS
t oU)
■o
W M 2 Field  Chemistry Mass Spec IC P  (u g /L ) IC  (m g /L ) IS O
Discharge Conductivity Tem p A lkalin ity C d  C o C r Cu Fe M n Pb N O , S O 4 N O 3
Date (cfs) p H (p S ) (d e g C ) (m g C a C O j/L ) As ( 1 0 ) C a (lO O ) ( 1.0 )  ( 1 .0 ) ( 1.0 ) ( 1.0 ) (5 0 .0 ) K ( IO O ) M g  (1 0 0 ) ( 1.0 ) N a (lO O ) (1 .0 ) Z n ( l .O ) F  (0  0 6 ) C l (1 .0 ) (0 .0 6 ) ( 1 0 ) ( 0 3 ) 0"
7/30 1 ,2 1 0
8/13 958 7,19 0.323 11 2 .1 39471 1676 10 2 0 1 2.9 5800 35.4 -17 .2 -131.51
8/30 1 ,2 2 0
9 /1 6 1,395 7 1 0.283 1 1 .2 136 1 8 39876 1846 10481 3.7 6063 20.3 0 .1 1 8.08 15.5 0.80 -17 .12 -13 2 .3 6
10/17 1,430 7.18 0.287 10.9 12 2 1 9 39839 1811 10752 6001 37.9 0 .1 1 8 .1 2 17.0 0.92 -1 7 .3 7 -130 .16
11/14 1,305 7.52 0.284 10.4 132 1 .6 35354 1948 10025 6279 15.7 0 0 9 8 6 5 14.8 0 .87 -17 .04 -130.18
12/13 1,340 7.2 0 .304 1 0 9 1,6 39624 1905 11515 1.3 6764 1 9 8 -17 .77 -132 .24
1/19 2,525
2 /4 1,380 7.85 0.302 9.5 124 1.5 40066 1868 10791 6314 15 1 0 1 0 7.20 0.00 18.8 0.82 -1 6 .5 6 -128 .28
2/18 1,030 7 26 0.306 9 1 1.4 39163 1573 10747 6113 19.5 -15.91 -12835
3/4 1,130
3/16 1,320 7 2 3 0.308 9.1 106 1.3 38487 1420 11681 5503 16 1 0 .1 0 7.29 19.4 0.72 -16 .29 -128.23
3/29 1,600
4 /6 1,660
4 /1 4 2,240 7.2 0.305 8 .6 130 1.7 40990 1762 11143 6342 15.2 0 .1 0 7.46 17.6 0.59 -1 6 3 5 -128  16
4/26 3,450
5/5 3,000 7  04 0.284 9.4 0 .6 41138 2116 11278 6481 15.3 -17.71 -129.79
5/17 8,330
5/25 7.150 7.16 0.327 9.1 1.9 38052 1483 10163 5849 42.7 0 .1 1 9.19  0.00 17.3 0.56 -16.43 -130,23
6/7 8,980
6/16 5,950 7 0 6 0.335 10 0 .2 51344 2914 12646 9207 15.3 -16 .27 -131 58
tow
00
HGS Field C hem istiy M ass Spec IC P  (u g /L ) IC  (m g /L ) IS O
D ale
Discharge
(cfs) pH Conductivity mS
Tem p  
(deg C )
A lkalinity  
(m g C a C O j/L ) As (.1 0 ) C a (lO O )
C d C o  C r  
( 1 0 )  ( 1 0 )  ( 1 0 )
C u
( 1 .0 )
Fe
( 5 0 0 )  K ( IO O ) M g  (1 0 0 )
M n
( 1 0 ) N a (lO O )
Pb
( 1 0 )  Z n ( l .O )
N O j
F (0 .0 6 ) C l (1 .0 ) (0 .0 6 )
S O ,
( 1 .0 )
N O ,
( 0 3 ) o"
4/28 3,890
5/5 5.260 7,73 127 2 .1 40436 1451 11219 5204 1 0 .0 0 .1 1 3.54 14.1 0 .38 - 1 6 8 6 • 130.5
5/14 4 ,069 7.5 0 .359 10 .8 123 1.9 39922 1461 11320 5218 17.1 0 .1 1 3.87 13.8 0 ,39 -1 7 -130.91
5/19 3,740 7.63 0.375 1 0 6 2 .0 39288 1386 11473 5299 27.4 0 .1 1 3.73 14.0 0.39 -1 7 .3 6 -132.72
5/25 4,930 7.41 0.384 9.8 2 .0 38092 1.1 1321 11080 5252 19.4 -1 7 .0 7 -132.05
6 /2 5,080 7.33 0.369 11.1 2 .0 37675 1372 10978 5208 30.4 -1 7 .9 -13 4 .5 9
6 /9 5,160 7.89 0 3 8 2 1 1 .6 2 .0 39987 1422 11868 5370 29.7 0 .1 2 3.66 13.8 0.38 • 17.32 -127.23
6/16 4,270 7.437 0.381 13.3 134 2 ,2 38707 2.3 1483 13127 5721 30.1 O i l 4 .22 13.7 0.42 -1 7 .5 7 -128.43
6 /2 2 3.270 7.39 0.387 10.3 2 0 41093 1.0 1416 11092 5233 22.5 -17 .55 -126.11
6/30 3,200 7.21 0.389 11.3 1.7 27320 1507 11458 5399 33.4 -16 .17 -1 3 0 .46
7 /9 2 ,2 0 0 7.57 0 3 9 5 12 1 2 0 1 5 36124 1419 10281 4782 17.2 0 .1 0 3 .40 13 1 0 3 9 -1 6 5 5 -129.41
7/19 1,690 7.42 0.4 1 0 9 117 1 7 41207 1645 12041 5633 26.4 0 .1 0 3.40 13.4 0 .39 -16 .42 -130.25
7/30 1 ,2 1 0 7.57 0 .4 11.1 2 0 41731 1.1 1615 12023 6316 49.4 -1 6 .5 6 -132.12
8/13 958 7.46 0.309 1 0 9 1.9 38976 2 8 1362 10397 4849 17.9 -17 .27 -131.88
8 /30 1 ,2 2 0 7.39 0.278 11.3 139 1.9 4 0440 1340 11046 5154 1 2 .6 0 .1 1 3.68 13.7 0 .39 -17 .26 -131.88
9 /16 1,395 7.41 0.296 10 136 19 4 0772 11 1347 11146 5087 14.8 0 .1 2 4.01 13.7 0.40 -17 .12 -1 3 2  13
10/17 1,430 7.54 0.296 9 3 127 2 .0 4 2432 1.2 1361 11198 5272 19.8 0 .1 1 4.29 14.0 0.41 -17 .22 -130.78
11/14 1,305 7.58 0.249 8,4 136 1.8 36491 1246 11089 5241 2 2 .7 0 1 0 3.84 14.3 0.40 -1 6 4 2 -131 .16
12/13 1,340 7.6 0.32 8,7 1.7 40087 1 .2 1289 11771 5453 15.8 -17 .75 -132.83
1/19 2,525 8.1 0.313 8.1 121 1.9 40611 1174 12274 5809 16.8 0 .1 0 3.86  0 .00 19.8 0.34 -18 .24 -132.74
2 /4 1,380 8.04 0.31 8 134 16 4 1120 1179 11282 5216 14.1 0 .1 0 4.01 0 .00 1 4 6 0 3 6 -1 6 8 8 -130 .99
2/18 1,030 7.63 0  321 8 .6 1.5 40689 1163 1 1 1 0 2 5024 21 .7 -16 .08 -129.29
3/4 1,130 7 .54 0.316 9.4 127 1 .2 39941 1251 11217 5180 12.9 0  13 4.24 15.1 0.36 -1 7 3 5 -13 0 .8 4
3/16 1,320 7.54 0.318 8.9 125 1.2 39891 1195 11849 4792 1 3 9 0 1 0 3.83 1 43 0 3 5 -1 6 7 3 -129.55
3/29 1.600 7.55 0 2 7 1 8.9 1.7 43055 1335 12217 5459 17.8 -1 7 .2 7 -132.54
4/6 1,660 7.6 0.317 9,6 1.7 41294 1343 11807 5498 19.5 -1 6 9 8 -129 .96
4/14 2,240 7.53 0  313 9.3 140 1.9 41814 1270 11524 6579 61 1 0 .1 1 3 6 15.0 0.34 -1 7  26 -131.52
4/26 3,450 7.49 0.284 9.5 139 2.1 39577 1233 11234 5600 16.4 O i l 3 .7 1 4 9 0.34 -16 .76 -130 .2
5/5 3,000 7.3 0.282 9.7 1 .0 38962 1229 11327 5316 15.5 -16 .87 -129.12
5/17 8,330 7 4 4 0.318 9.6 1.9 37207 1.1 1.3 1057 9986 4787 1 8 4 -16 .36 -131.21
5/25 7,150 7 1 1 0.288 10 2 .0 37437 1 2 0 0 10193 4820 1 6 5 o i l 4 .44  0.00 13.1 0.32 -16.33 -131 91
6 /7 8,980 7 4 6 0.299 9 8 2 0 38690 11 1.2 1235 11069 5231 1 5 3 0 .1 1 4.69  0.00 13.2 0.39 -1 6 8 4 -132 .78
6/16 5,950 7.35 0.274 1 0 .2 1.5 40383 1164 11030 5319 13 1 -16 .22 -1 3 1 4 2
HGD
Date
Discharge
(cfs)
Field Chemistiy
Temp
pH Conductj\'i(y mS {deg C)
Alkalinity
(mg CaCO,/L)
Mass Spec ICP (ug/L)
Cd Co Cr Cu Fe Mn Pb
As (.10) Ca(lOO) (1.0) (1 0) (1.0) (10) (500) K(IOO) Mg (100) (10) Na(lOO) (1.0) Zn (1.0)
IC (mg/L)
NOj SO, NO,
F (0  0 6 ) C l (1 .0 ) (0  0 6 ) ( 1 0 )  (0  3 )
ISO
t o
t>J
o
4/28 3,890
5/5 5.260 • 16.55 -130.85
5/8 4 ,069 7.83 0 .417 1.2 15444 7,7 2,1 903 4935 2 0 .0 3912 high
5/19 3,740 7,85 0,425 1 1 1 1.7 41332 1,0 2,4 1574 11760 8,4 5765 5 3 6 O i l 4,35 1 5 7 0.35 -1 7 ,1 7 -1 3 2 ,04
5/25 4,930
6 /2 5,080 7.35 0.448 1 0 7 1.4 42168 1,1 1585 12207 6176 2 3 7 -1 7 5 5 -133,56
6 /9 5,160
6/16 4 .270 7.627 0.453 14,3 128 2,1 47363 3,6 1661 14721 6882 32,5 0 ,1 0 4.73 14,7 0,39 -17 ,65 -128,73
6 /2 2 3,270
6/30 3,200 7.36 0  447 10,5 1,5 27163 2.1 1594 11655 5900 34.1 -17 ,14 -132,32
7/9 2 ,2 0 0
7/19 1,690 7.51 0 .456 10 ,6 135 1,9 422 4 0 1,3 1446 12103 5809 29,6 0 ,1 1 4,10 14.5 0 .38 •16 ,19 • 130,64
7 /3 0 1 ,2 1 0
8/13 958 7,58 0.345 10.3 1 8 39138 1,7 1307 10363 4940 22,5 -17 .05 -131,22
8/30 1 ,2 2 0
9/16 1,395 7.38 0,327 9.6 135 1 9 41312 1 2 1409 10933 5116 1 9 7 0 ,1 0 3,88 13.7 0 ,40 -17 .19 -1 3 2 2 2
10/17 1,430 7.58 0,324 9,3 118 1,9 42869 1,5 1474 11242 5360 25,8 0 ,1 1 4.38 14,3 0,41 -17 ,28 -130.61
11/14 1,305 7 6 7 0.274 na 142 1,2 41462 1,7 1386 11363 5525 23,7 0.11 4,78 1 5 2 0,40 •1 6 4 3 -131,18
12/13 1,340 7,59 0,348 9.1 1,2 43759 1,7 1424 12610 6091 16.4 •1 7 8 9 -1 3 3 6 2
1/19 2,525
2 /4 1,380
2/18 1.030
3 /4 1,130 7.66 0,346 9,3 132 0.4 41994 2,5 1394 12178 6122 18.8 0 .1 1 5.09 16,0 0,36 -1 7  18 -13 0 .8 7
3/16 1,320
3/29 1,600
4 /6 1,660 7,55 0.346 9.7 1,1 4 4878 1488 12714 6266 1 5 3 -16 ,54 •129.03
4/14 2,240
4/26 3,450 7,26 0,316 9.5 157 1,1 47426 2,3 1416 12772 6320 16,7 0,13 5,16 15.8 0,33 -16,71 -130.62
5/5 3 ,000
5/17 8,330 7.63 0,346 9,7 1 0 44381 1.8 1 7 1329 12690 6214 17.2 -1 6 ,7 -1 3 2 6 7
5/25 7,150
6 /7 8,980 7,59 0,345 9,7 0 ,9 44028 1,3 1423 12161 6054 17,1 0.13 5,00 0 .00 1 5 6 0.33 -16.53 -1 3 2 6 9
6/16 5,950 7,32 0.31 10 4 0 .6 45064 1288 12036 6060 2 0  8 -1 6 5 2 -132  47
hJ
o
HGR Field Chem istiy M ass Spec IC P  (u g /L ) IC  (m g/L] IS O
D ate
D is c h a rg e
(c fs ) pH Conductivity mS
Tem p
(d e g C )
A lkalinity  
(m g C a C O ,/L ) As ( 1 0 ) C a (lO O )
C d C o  C f  
( 1-0 )  ( 1 0 ) ( 1.0 )
C u
( 1 .0 )
Fe
(5 0 0 ) K  (10 0 ) M g  (1 0 0 )
M n
( 1.0 ) N a (iO O )
Pb
(1 .0 ) Z n ( l .O )
N O î
F  (0 .0 6 ) C l (1 .0 ) (0 .06 )
S O ,
( 1.0 )
N O ]
(0 .3 ) o"
4/28 3,890 8.29 2  1 26491 1.1 1.1 963 7670 8 .8 3 160 7.2 -17 .13 -131.13
5/5 5,260 8  18 11.73 71 1 .6 2 2 2 2 2 707 6596 6 .0 2735 22,3 0 ,0 6 0 9 8 8 .8 nd -1 7 -130.83
5/14 4,069 8 3 5 0  231 9.6 1.7 25473 2 .0 808 7720 2910 2 0 ,8 -17 .23 -1 3 2 .54
5/19 3,740 8.42 0.241 10.4 2.1 24023 1.5 936 7608 12.3 2 959 2 0 .2 0 .09 1.24 12.5 nd -17 .35 -13 3 .6 2
5/25 4,930 8 2 5 0.25 1 0 5 2 .1 24460 1 2 1028 7629 7.5 3575 19.1 -17 .45 -133 94
6 /2 5.080 7.89 0.245 12.7 2 .1 24633 1.1 1017 7757 9.3 3507 14,0 -17 .82 -134.6
6 /9 5,160 9 0 5 0.242 1 1 3 80 2 .6 2 4772 1 2 1075 7996 5.5 3321 26.9 0 .09 1.25 11.7 nd -18.41 -130.29
6 /16 4 ,270 8  088 0.264 12.3 93 1.8 17999 797 5634 7.8 2424 16.8 0 ,1 1 1.39 1 35 nd -17 .84 -128.16
6 /2 2 3,270 8 2 3 0 287 16.4 2.4 23668 1.1 1245 8662 12  1 3926 19.7 -17.73 -1 2 8 9 4
6/30 3,200 8.14 0.288 17.4 2 .2 20163 1284 8964 1 1 .6 3985 17,3 -17 .13 -133 .67
7/9 2 ,2 0 0 8 4 7 0.323 1 5 6 123 2.3 3 2239 1390 10028 9.3 4304 13.6 0 .1 0 1.60 16.0 nd -16 ,86 -132 .73
7/19 1,690 8.27 0.345 20.3 97 3 3 32730 1.1 1445 10726 22.7 4842 19.0 0 .1 2 1.80 19.2 nd -16 .15 -130.75
7 /30 1 ,2 1 0 8.31 0.355 2 0 .6 3.8 35804 1743 11841 14.2 5228 9.7 -16.5 -132.46
8/13 958 8.47 0.266 19.6 3.1 30266 1.3 1342 10491 11.5 4531 9.8 -16 .98 -131.51
8/30 1 ,2 2 0 8  23 16 115 3.6 36524 1 4 1635 11760 7 8 5827 18.9 0 .17 2  54 27.5 nd -17 .15 -13 1 .7 4
9/16 1,395 8 .2 0,295 11.1 12 0 3.5 39571 1.1 1859 11244 9 ,9 6232 2 2 .0 0.18 2.87 29.5 nd -17 .02 -132.68
10/17 1,430 8.25 0 ,302 9.8 12 2 4.0 42635 1.3 1949 11447 4.0 6838 22.5 0 .2 0 3 3 0 34.6 nd -16 ,72 -1 2 9  78
11/14 1,305 8  16 0 2 9 1 2 .6 117 3.0 36607 1600 10723 3 8 6238 2 1 .8 0 .2 0 2.91 35 1 nd -16 .42 -1 3 1 9 5
12/13 1,340 8 .2 0.322 1.5 2.9 38744 1,2 1623 11379 3.5 6717 16.0 -17 .78 -133.22
1/19 2,525 8 .0 2 0.308 0 105 3.6 42275 2.4 1941 12433 7.0 7200 25.7 0.18 3.58  0.00 33.9 nd -18,1 -134 .98
2/4 1,380 8.98 0 2 9 6 1 7 98 2 .9 37752 1518 10549 8.4 6017 14.4 0.18 2.91 0.00 33.1 nd -16 .96 -131 79
2/18 1,030 8.43 0 3 1 4 1 3 2.7 39314 1476 11360 8 .8 6 344 10.3 -16.2 -130.31
3/4 1,130 8.37 0,307 6.3 108 2.9 37920 1.7 1678 11608 18.2 6448 10 .8 0 19 2.99 35.0 0 .0 0 -17 ,25 -130 .48
3/16 1,320 8 3 9 0  29 5 9 1 0 0 2 .8 36341 1.6 1438 11440 14.9 5457 14.4 0  17 2.81 3 1 4 0 .0 0 -17 .48 -1 3 1 6 1
3/29 1,600 8.25 0.238 6.9 3.1 36590 1568 1 1 0 0 0 18.6 6202 13.9 -17 .19 • 132.14
4 /6 1,660 8.25 0.267 8 4 2.9 33438 1482 10177 17.2 5733 16.2 -16 .83 -130 .77
4 /1 4 2,240 8  18 0.23 6  1 85 2.5 28721 1 1 1 2 8374 8 9 4518 1 6 2 0.14 2.1 2 1 ,6 rud. -16 .87 -129 .49
4 /2 6 3 ,450 7 85 0 1 9 2 10.7 84 2.3 26250 10 11 7901 1 2 2 3949 15.0 0 .1 0 1.5 15.7 n.d. -15 .79 • 127.54
5/5 3 ,000 8.1 0.197 10.4 0 .9 28090 947 7795 11.9 3452 14.3 -18 .09 -130.38
5/17 8,330 7.89 0.187 9 8 2 .6 21855 937 6 236 1 0 .0 2967 1 6 6 -1 6 3 1 -131.06
5/25 7,150 7.52 0 2 0 3 10.5 3.5 23815 2  1 1042 6564 12.3 3548 1 7 0 0 ,1 0 1.42 0 ,00 13.1 < P Q L -16.48 -131.39
6 /7 8 ,980 7.81 0 2 1 5 10.1 4.4 24567 3 .7 1204 6734 9.8 3932 20.4 0 .1 0 1.39 0 .00 13.2 < P Q L -16.44 -131.26
6 /1 6 5,950 7.7 0 2 1 5 14 3 4 .0 28210 1,5 1140 7786 11.5 4476 1 2 4 -16 .74 -131,95
HGP/L
Discharge 
Date (cfs)
Field Chemistiy
Temp
pH Conductnity mS (deg C)
Alkalinity
(mg CaCOyt)
Mass Spec ICP (ug/L)
Cd Co Cr Cu Fe Mn Pb
A s(10) Ca(IOO) (10) (10) (1.0) (10) (500) K(IOO) M g(100) (1,0) Na(lOO) (1.0) Zn(l.O)
IC (mg/L)
NOj SO* NO,
F (0  0 6 ) C l ( 1 0 )  ( 0 0 6 )  ( 1 0 )  (0 .3 )
ISO
t o
4/28 3,890
5/5 5,260
5/14 4,069
5/19 3,740
5/25 4,930
6/2 5,080
6/9 5,160
6 /1 6 4,270
6/22 3,270
6/30 3,200
7/9 2,200
7 /19 1,690
7/30 1,210
8/13 958
8/30 1,220
9/16 1,395
10/17 1,430
11/14 1,305
12/13 1,340
1/19 2,525
2/4 1,380
2/18 1,030
3/4 1,130
3/16 1,320
3/29 1,600
4/6 1,660
4/14 2,240
4/26 3,450
5/5 3,000
5/17 8,330
5/25 7,150
6 /7 8,980
6/16 5,950
8.25 0.394 22.2 97 3.5 33034 1.6 1474 10827 1,7 4949 19.5
1.1 34063
3 1 38328
2.5 33102
1.6 22363
4.3 26085
4 .9 33039
4  1
1.8
1691 9621 20 .6  4947
1674 11243 6159
1465 9692  5378
3.4
4 .6
5.2
805 5811 2838
1185 6529  3896
1300 8162 4598
high
18.2
34.9
24.4
20.5
22.5
•1 6 5 1 • 130.1
• 1 6 8 8 •129  03
-15 .75  -129.55
N)
GRG Field  Chenustiy Mass Spec IC P  (u g /L ) IC  (m g /L ) IS O
D ale
D is c h a rg e
(c fs ) pH
Conductivity
(m S )
Tem p  
(deg C )
Alkalinity  
(m g C a C O ,/L ) As (.1 0 ) C a (lO O )
C d  Co C r  
(1 0 } (1 .0 ) ( 1 0 )
Cu Fe
(1 .0 ) (5 0  0 ) K ( IO O ) M g  (1 0 0 )
M n
( 1 0 ) N a (lO O )
Pb
( 1 0 )  Z n ( l .O )
N O j SO 4 
F (0 .0 6 ) C i (1 .0 ) (0  0 6 ) (1 0 )
N O ,
( 0 3 ) 0 "
4/2g 3 ,890
5/8 5,260 7,17 0.164 12.7 0.1 15595 919 5002 12.7 3915 33.9 -17 .32 -130 .4
5/16 4 ,069
5/19 3,740 7.1 0  169 9 0 4 *21401 *1 2 0 5 *7371 2.2 *5 4 5 0 39.7 0 .0 6 4.48  6 1 9 0.90 -16 .95 -130.41
5/25 4,930
6/2 5,080 6.68 0 1 8 3 1 9.4 0.2 16152 914 5553 14.7 4183 28.1 -17 .76 -129 .12
6 /9 5,160
6/16 4,270 6,798 0.1774 11 56 0.2 16154 876 6367 1 0 4 4245 19.6 0.05 3.75  5.34 0 8 2 -1 7 4 9 -128.04
6/22 3,270
6 /30 3,200 6.58 0.18 8.5 b.d. 11773 725 5321 5.8 3893 25.7 -16 .72 -1 3 0 6 4
7/9 2,200
7/19 1,690 6.79 0.196 9.4 58 b.d. 18045 744 5729 5.9 4018 32.0 0.05 4 .1 0  5.70 0.97 -16 .43 -12 9 .2 9
7/30 1,210
8/13 958 6.78 0 1 5 9 5 9.1 0 .4 16995 850 5512 4.3 3802 9.1 -17 .08 -129.88
8/30 1,220
9/16 1.395 6.59 0.1513 9.9 62 0.2 17720 964 5876 24.5 4041 26.0 0.05 5.29  5.93 0.74 -1 6 9 2 -129.55
10/17 1,430 6,77 0.1448 9 6 58 0.2 15412 845 5231 1.5 3665 26.2 0.05 3 6 0  4.98 0.81 -17 .42 -128 .34
11/14 1,305 688 0.1389 9.3 59 b d . 15494 788 5083 3656 31.4 3.25 4,93 0.81 -17.33 -129.03
12/13 1,340 6.9 0.1573 10 b d . 17110 892 5737 3 8 4 039 22.3 -17.43 -130.31
1/19 2,525
2/4 1,380
2/18 1,030
3/4 1,130 6.81 0.1549 9.5 56 0.1 17273 852 5203 3454 16.1 0.06 3.81 6.23 0.87 -16 .33 -124.45
3/16 1,320
3/29 1,600 6.87 0 1349 9 0.5 18259 877 6024 4182 36.4 -16 .79 -12 8 .1 7
4/6 1,660
4 /14 2,240 6 9 6 0.1582 9.2 62 0.5 18346 903 5774 12 4350 23.8 < P Q L 4 8 5  6 .39 0.93 -17 .02 -1 2 8 8 7
4/26 3,450
5/5 3,000 6.47 0.141 9.3 b.d. 19276 872 6853 4714 40.9 -17 .32 -128 87
5/17 8,330
5/25 7,150 6 47 0 .1506 8.7 0.2 17000 866 5460 42,1 4254 23.9 < P Q L 5.07  0 0 0  5.91 0.86 -16.3 •128.81
6 /7 8.980
6/16 5,950 6.43 0.1499 8.8 b.d. 17306 716 5632 6,8 4233 18.3 -1 6 3 2 -1 2 9  19
NJ
■P»
RSS
D ate
W ater
Elevabon p H
Field  Chemistry
Conductivity
(m S )
Tem p  
(deg C )
A lkalinity  
(m g C a C O j/L ) As (.1 0 ) C a (lO O )
Cd C o  C r  
( 1 0 )  (1 .0 ) (1 .0 )
M ass Spec IC P  (u g /L ) 
C u  Fe
(1 .0 ) (5 0 .0 ) K ( IO O ) M g  (1 00 )
M n
(1 .0 ) N a (lO O )
Pb
( 1 0 )  Z n ( l .O )
IC  (m g /L )  
N O ,
F (0 .0 6 ) C I ( I  O) (0 .0 6 )
SO *
(1 .0 )
N O ,
( 0 3 ) o"
IS O
4 /28 na 6.96 0.3 2579 12.3 212 923 833 24.9 -17.51 -131.91
5/5
5/14 3206.6 7.16 0 .0287 9 8 0 2 2775 4 .7 102 980 961 42.2 0 1.39 nd -17 .04 -130.61
5/19
5/25 3207.12 6.83 0 .0282 8.8 0.2 3617 6.0 182 987 950 38 .0 -1 7 6 7 -133.53
6/2
6 /9 3206.93 7.42 0.0307 7.47 8 0.3 2753 1.1 314 852 1.1 774 48.3 0.01 0.42 1.27 nd -18.41 -128.41
6 /16
6/22 3 2 0 6 8 8 7 0 1 0.033 13.4 0.2 2710 229 90 7 761 43.1 -17 .83 -125.8
6 /30
7/9 3 2 0 6 3 7.22 0 049 13.3 16 0.1 4038 321 1069 1003 3 3 5 1.80 nd •16 .46 -1 2 9  28
7/19
7/30 3206 8 13 0.0644 16.1 0.3 6232 6.7 370 1544 1914 9.7 -17 .08 -129.58
8/13
8/30 3206.04 7.82 0.0983 13.3 25 0 .4 5915 310 1944 1691 40.5 0.02 0.65 1 9 2 nd -17 .23 -131 .57
9/16 3206.29
10/17 3206.2 7.22 0.0393 7.5 16 0.4 4 470 43 0 1387 1303 48.0 0.01 0.61 1.73 -17 .25 -127.05
11/14 3206.06 9 1 7 0.0376 3.9 14 b.d. 4100 1273 1137 34.8 1 81 -17 .05 -128 35
12/13 3206.15 6 8 5 0.0364 0 .9 b .d 4147 260 1251 1125 44 .4 -17 .35 -127.68
1/19 3206.46 6.75 0.0335 0 2 b.d. 3230 280 1420 1289 38.4 nd 1.27 0 .00 1 4 9 nd -15 .35 -121.89
2/4 3206.2 7.48 0.0335 3 1 12 0.2 3747 1361 1161 27.8 nd 0.34  0 .00 1.90 nd -16 .73 -126.16
2/18 3206.15 6.73 0.0407 0 0.2 4416 257 1582 1432 22.9 -1 6 .7 7 -1 2 7 .96
3/4 3206 7.4 0.0395 6 3 16 b d . 4409 277 1858 1082 30.1 0.04 0.57 3 0 3 0.00 -17 .45 -127 .52
3 /16 3 2 0 6 2 5
3 /29 3206.35 7.89 0.0276 5.3 0.5 3696 1281 1078 26.2 -16 .2 -12 5 .8 4
4 /6 3206.32
4 /14 7.04 0.0317 5.6 4 0.5 3593 161 1407 1236 21.4 < P Q L 1.56 n d -1 6 4 7 -124.91
4/26 3207
5/5 7 2 6 0,0286 8 0.4 2960 1264 1248 31.6 -1 6 6 3 -126.12
5/17 3 2 0 7 4 5
5/25 3207.33 6 .49 0.0223 6.8 0.2 2520 184 892 923 32.8 0 .00 0.00 1.02 0.00 -16.23 -126.14
6 /7 3207.1
6 /16 6.42 0.0237 10 b.d. 2240 747 724 24.6 -16 .27 -127.32
WPS
Date
Discharge
(cfs)
Field Chemistry
Conductivity Temp
pH (pS) (degC)
Alkalinity
(mg CaCOj/L)
Mass Spec ICP (ug/L)
Cd Co Cr Cu Fe Mn Pb
A s(10) Ca(IOO) (10) (10) (10) (10) (500) K(IOO) M g(100) (10) Na(IOO) (10) Zn(l.O)
IC (mg/L)
NOj SO4 NO3
F  (0  0 6 ) C l ( 1 0 )  ( 0 0 6 )  (1 0 ) (0  3 )
ISO
4/28 3,890
S/S 5,260
5/14 4,069 7.3 0 .319 1 1 6 90 0 1 32167 1087 10166 7.6 6314 26.8 0 .06 7.28 4.94 0.58 -1 6 7 1 -128 79
5/19 3,740
5/25 4,930 7 1 6 0.331 11.1 0 2 30500 1024 10435 1.8 5998 6 8 0 -16.91 -1 2 9  85
6/2 5,080
6/9 5,160 7.52 0.33 11.5 100 0.5 28485 1259 11150 2.5 6224 108.9 0 0 7 8,02 0.43 9.99 0.54 -17 .59 -124.8
6/16 4,270
6/22 3,270 7 1 4 0.322 11.7 0.1 25107 1161 9921 1.9 5736 69 .7 -17 .54 -123.36
6/30 3,200
7/9 2 ,200 7,18 0 3 3 5 11.6 100 0.1 31112 l . l 872 10077 1.8 5821 72.1 0 .0 7 7.40 0.30 9.40 0.75 -1 6 4 3 -1 2 9  65
7/19 1,690
7/30 1.210 7.28 0.332 11.2 0.1 24034 1291 11232 6604 29 .2 -15 .8 • 124.92
8/13 958
8/30 1,220 7.81 na 1 1 7 95 0.1 29051 1.9 1037 9273 1.2 5360 81 1 0.06 7.71 9.38 0.81 -17.03 -129.1
9 /1 6 1,395
10/17 1,430 7.17 0 2 3 3 10 91 0.2 27232 863 8878 1.7 5195 58.8 0.07 8.13 9.29 0.68 -17 .03 -128 .6
11/14 1,305 7.59 0.227 9.5 98 0.1 26699 812 8914 5332 5 2 8 7.12 9.19 0.76 •  1 6 8 9 -129.13
12/13 1,340 7.18 0.252 10.1 0.1 29979 1.6 963 10006 2.6 5589 53 6 -17.73 -131 82
1/19 2,525 7.47 0.238 9.2 90 0.1 28986 13 5 1298 9384 1.3 5835 51.5 0.05 7.76 0.00 9.12 1.08 -1 7 5 2 -1 2 9  87
2/4 1,380
2/18 1,030
3/4 1,130
3/16 1,320 7.23 0 2 5 2 1 03 92 b d. 29866 1 0 998 10535 5003 3 2 3 0.06 7.57 8 5 9 0.39 -16 .23 -1 2 7 0 2
3/29 1,600 7.09 0 2 1 6 1 03 0.4 30758 2.4 981 10013 5685 38.5 -17.31 -1 2 9 6
4/6 1,660
4/14 2,240 7.19 0 2 5 3 1 0 2 b.d. 28658 856 9202 5275 26.7 < P Q L 7.55 8 70 1.00 -16 .12 -126 .52
4/26 3,450
5/5 3.000 6.93 0  231 10.6 b .d 30956 860 9778 5534 25.0 -18 .49 -130 .99
5/17 8,330
5/25 7,150 7.05 0,254 10.6 0.4 29904 1,5 993 9482 5507 43.3 < P Q L 7.77 0.00 8.72 0.95 -16 .64 -130.69
6 /7 8,980
6/16 5,950 6.9 0.253 10.7 b.d. 31243 812 9724 5551 25.9 -16 .47 -131 15
w
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RON
Date
Discharge
(cfs) p H
Field  Chem istiy
Conductivity
(p S )
Tem p
(d e g C )
A lkalin ity
(m g C a C O ,/L ) As (.10 ) C a (lO O )
C d  C o  C r
(1 .0 ) (1 .0 ) (1 .0 )
M ass Spec IC P  (u g /L )  
C u Fe
(1 .0 ) (5 0 .0 ) K ( IO O ) M g  (1 0 0 )
M n
( 1 0 ) N a (lO O )
Pb
( 1 0 )  Z n ( l  O)
IC  (m g /L ) 
N O ,
F (0 .0 6 ) C l (1 .0 ) (0  0 6 )
SO,
( 1 0 )
N O ,
( 0 3 ) o"
IS O
5/19 3,740
5/25 4,930 7.33 0.404 9 1.6 40242 1 2 1427 11713 6121 37.7 -17 .54 -133 36
6/2 5,080
6/9 5,160 7.87 0.384 10 133 1 8 42990 2.2 1506 11622 5730 60 .9 0.14 3 .7 0 17.1 0.31 -17 .77 -126.95
6/16 4,270
m i 3,270 7.43 0.388 9.4 1.6 41071 1 7 1455 10555 5444 30.8 -17.81 -126.35
6/30 3,200
7 /9 2,200 7.47 0.386 9.3 127 1.4 38063 1 2 1551 10445 5410 39.5 0  13 3.40 14.7 0 .30 -16 .78 -132.23
7/19 1,690
7/30 1.210 7.56 0.391 9.2 2,1 40916 2.1 1685 11624 5853 3 9 6 -17.01 -132.91
8/13 958
8/30 1,220 8 2 .291* 9,4 140 2.9 33079 1.2 1460 11900 10.5 5155 20.4 0 .14 4.07 15.6 0.33 -17 .17 -131.52
9 /1 6 1,395
10/17 1,430 7.43 0.295 11.8 * 138 1.9 44572 1.5 1563 11272 5378 58.5 0 .14 4 .0 7 17.8 0.31 -17 .18 -130.48
11/14 1,305 7.34 0 2 9 6 9.7 135 1.7 43041 1 3 1524 11205 5516 61.1 0 .14 4.08 19,2 0 .30 -17 .04 -1 3 2  53
12/13 1,340 7.61 0 3 4 1 0 4 1.7 42089 1 6 1471 11567 5652 83.3 -17 .65 -132.45
1/19 2,525 7.46 0.339 9.8 129 1.5 42754 2.3 1471 11922 5977 137.2 0.13 4.64  0.00 20.1 0.35 -1 6 .1 7 -12 8 .5 2
2/4 1,380 8.02 0 3 3 3 9.6 135 1.6 44658 1.3 1490 11705 5755 72.9 0.13 4 .7 7  0.00 21.1 0 3 5 -1 7 3 9 -1 3 0 4 4
2/18 1,030 7 6 9 0.345 9.6 1.5 44914 1498 11968 5934 49.8 -16.21 -1 2 9  79
3/4 1,130
3/16 1,320 7.64 0.334 9.3 120 1.0 35509 1 7 1172 10481 4330 92.2 0.13 4.55 20.7 0.35 -17 .26 -1 3 0 8 1
3/29 1,600
4/6 1,660 7.53 0 3 3 5 9.1 1.7 42505 1532 11415 5719 124.7 -1 7 .4 7 -1 3 1 9 1
4/14 2,240
4/26 3,450 7.39 0.3 9.1 149 1.8 41520 1.2 1361 11072 5857 67.2 0.14 4.64 19.5 0.34 -16.11 -12 9 .6 9
5/5 3,000
5/17 8,330 7.44 0.316 8.7 1.4 40035 2.0 2 1 1251 11548 5925 98.1 -16 .78 -132  59
5/25 7,150
6/7 8,980 7.38 0.305 8.4 1.7 40409 1358 10978 5646 78.5 0  13 3.85 0.00 16.5 0.28 -1 6  23 -131.33
6/16 5,950 7 3 2 0 27 8.5 1 2 40711 1301 10979 5588 42.9 -16 .92 -1 3 2 9 7
Appendix P 
Mountain Water Company Withdrawal
2 4 6
CALCULATED ' DAILY USAGE BOLD 18 GALLONS FINE IS CUBIC FEET
WELL DAYS BETWEEN READS 4 4 4 4 3 3 3 4 4
NO. LOCATION 01 -Apr-04 02 Apr-04 03-Apr-04 04-Apr-04 05-Apr-04 06-Apr-04 07 Apr-04 08-Apr-04 09-Apr-04
1 S. 6th W. 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0 00
2 S. 14th W. 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0 00 0.00
3A SOUTH AVE. 100 hp 1,722,964 1,722,964 1,722,964 1,722,964 1,760,627 1,760,627 1,760,627 1,784,343 1,784,343
230.342.76 230,342 75 230,342.75 230.342 75 234,027 63 234,027.63 234,027.63 238,548 46 238,548 46
3B SOUTH AVE. 200 hp 1,629.678 1,629,678 1,629,678 1,629,678 1,964,300 1,964,300 1,964,300 2,100,160 2,100,160
204.489.00 204,489 00 204,489,00 204,489.00 262,606.95 262,606.95 262,606 95 280,768.72 280,768.72
10 HILDA AVE. 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0 00
19 N.RUSSELL 1,613,266 1,613,266 1,613,266 1,613,266 1,690,997 1,690,997 1,690,997 1,669,260 1,669,260
215,677.31 215,677.31 215,677.31 215,677.31 212,700.09 212,700 09 212,700.09 208,455 85 208,455 85
20 CATLIN ST. 1,466,926 1,466,926 1,466,926 1,466,926 1.611,433 1,611,433 1.611.433 1,317,826 1,317,826
196,112.87 196,112 97 196,112.97 196,112.97 215,432.26 215.432.26 215,432.26 176,179.81 176,179 81
21 E. CENTRAL 1,444,816 1,444,816 1,444,816 1,444,816 1,483,733 1,483,733 1,483,733 1,601,692 1,601,692
193,157.02 193,157 02 193,157.02 193,157.02 198,360.07 198,360.07 198,360.07 200,747.63 200,747.63
22 INTERMOUNTAIN 1,489,000 1,489,000 1,489,000 1,489,000 1,483,333 1,483,333 1,483,333 1,629,260 1,629,260
199,064 17 199,064 17 196,064 17 199,064.17 198,306.60 198,306 60 198,306 60 204,445 19 204,445 19
26 BENTON ST. 1,630.660 1,630,660 1,630,660 1,630,660 1,663,467 1,663,467 1,663,467 1,606,076 1,606,076
204.618.98 204,618 98 204,618.98 204,618 98 209,019 61 209,019.61 209,019.61 214,582.22 214,582 22
30 BANK ST. 0 0 0 0 0 0 0 0 0
0 00 000 0 00 0.00 0.00 0.00 0 00 0.00 0.00
31 KIWANIS ST. 0 0 0 0 0 0 0 0 0
0 0 0 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00
32 ARTHUR AVE. 3,231,960 3,231,960 3,231,960 3,231,960 3,711,100 3,711,100 3,711,100 2,064,426 2,064,426
432,078 88 432,078 88 432,078 88 432,078.88 496,136.36 496,136.36 496,136.36 274,655.75 274,655.75
33 GERALD AVE. 0 0 0 0 0 0 0 0 0
0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
34 MAURICE AVE. 0 0 0 0 7,061 7,061 7,061 0 0
0 00 0 00 0 00 0.00 942.60 942.60 942 60 0 00 0.00
42 M.W.W. #2 WEST 0 0 0 0 36,790 36,790 36,790 1,441,600 1,441,600
0 00 0.00 0 00 0.00 4,91849 4,918.49 4,918.49 192,713.90 192,713 90
MONTHLY
TOTALS
MONTHLY
TOTALS
MONTHLY
TOTALS MIN DAY MIN DAY MIN DAY MAX DAY MAX DAY MAX DAY
Apr-04 May-04 Jun-04 Apr-04 May-04 Jun-04 Apr-04 May-04 Jun-04
1 S. 6th w . 8,761,314 34,160,000 32,808.000 0 1,086,076 1,066,400 1,096,900 1,124,667 1,130,433
11,699.62 45,655.08 43,860.96 0.00 1,450.64 1,425.67 1,466.44 1,503.43 1,511.27
2 s .  14th W. 6,000 36,970,000 43,200,000 0 0 1,440,000 2,000 1,440,000 1,440,000
6 68 49,425 13 57,754.01 0.00 0.00 1,925.13 2.67 1,925.13 1,925.13
3A SOUTH AVE. 100 hp 62,843,406 66,319,400 64,664,600 1,637,303 1,783,417 1,767,648 1,840,066 1,834,480 1,868,926
70,646.26 75,293.32 72,947.33 2,188.91 2,384.25 2,34966 2,45997 2,452 51 2,498 56
3B SOUTH AVE. 200 hp 69,987,716 61,364,432 49,761,674 1,629,678 676,308 262,663 2,666,188 3,016,700 3,021,626
80.197.48 68,655.66 66,526.17 2,044.89 904 15 351.15 3,551.05 4,031 68 4,039.61
10 HILDA AVE. 0 0 6,000 0 0 0 0 0 1,000
0 00 0.00 8 02 0 00 0 00 0.00 0.00 0.00 1.34
19 N.RUSSELL 44,329,616 49,416,340 48,067,300 621,620 0 1,468,917 1,697,700 2,919,926 1,669,924
59,264.19 66,064.63 64.261.10 697 22 0.00 1,963 79 2,26965 3,903 64 2,219 15
20 CATLIN ST. 44,794,600 39,423,600 46,761,671 1*36,731 630,232 1,077,187 1,711,033 1,690,133 1,677,833
59,885 70 52,705.21 62,502.10 1,652,05 842.56 1,440.09 2,287.48 2,259.54 2,243 09
E. CENTRAL 41,727,768 46*66.900 44,706,099 1,034,820 1,369,300 1,166,376 1,601,692 1,611,633 1,974,766
55,785.77 61,318.05 59,766 18 1,383.45 1,817.25 1,557.99 2,007.48 2,020.90 2,640.06
22 INTERMOUNTAIN 46,030,000 46*37,000 44,794.000 1,468,000 1.387,667 1,009,000
1,648,600 1,620,000 2,132,000
60,200.53 61,546 79 59,885.03 1,949 20 1,855.17 1,348.93 2,070.19 2,032.09 2,850.27
28 BENTON ST. 47,243,400 48,899,000 47.434,600 1,486,844 1,622.960 1,636,369
1,622,992 1,633,021 1,662,971
63,159 63 65,372.99 63.415 11 1,986.42 2,036 03 2,052.62 2,169.78 2,183.18 2,223.22
30 BANK ST. 682,742 7,964,311 7.666,701 0
0 0 190,696 987,924 1,169,776
779.07 10.647.47 10.234 89 0.00 0 00 0 00 254 81 1,320.75 1,663.87
31 KIWANIS ST. 0 0 0
0 0 0 0 0 0
0.00 0 00 0.00 0.00 0 00 0.00 0.00 0.00 0.00
32 ARTHUR AVE. 87,783.240 108,806.160
121,641,200 1,908,276 2.489.360 3,038,626 6,430,600 4,613,900 6*13,300
117,357 27 145.461.44 162,621 93 2,551.17 3,32802 4,062 33 8,597.06 6,168 32 6,96965
33 GERALD AVE. 8,178 13,616,813
16,996,800 0 0 0 2,046 2,097,638 2,483,600
10 93 18,070 61 22,722 99 0.00 0 00 0 00 2 73 2,804.19 3.320 32
146,296 263,263 4,724,300 0 0 0 22,112 27,169 771,389
195 58 338.57 6,315.91 0.00 0.00 0.00 29 56 36.32 1,031.27
M.W.W. #2 WEST 29,973,991 46.637.680 46,346,700 0 1,118,400
1,187.013 1,482,600 1.642,033 1,737,600
40,072 18 60,879.25 60 623 93
9 4
0.00 1,495.19 1,586.92 1,981 95 2,195.23 2,322 86
WELL 4 4 3 3 3 4 4 4 4 3 3 3
NO. 10-Apr-04 11-Apr-04 12-Apr-04 13-Apr-04 14-Apr-04 15-Apr-04 16-Apr-04 17-Apr-04 18-Apr-04 10-Apr-04 20-Apr-04 21-Apr-04
1 0 0 1 1 1 0 0 0 0 261 261 261
0 00 0.00 0 09 0 09 0.09 0.00 0.00 0.00 0.00 34 89 34 89 34 89
2 0 0 0 0 0 0 0 0 0 333 333 333
0 00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 44 56 44.56 44 56
3A 1,704.343 1,784,343 1,760,233 1,760.233 1,760,233 1,778,443 1,778,443 1,778,443 1,778,443 1,637,303 1,637,303 1,637,303
230,548 46 238,548 46 233,988.41 233,988.41 233,988.41 237,759 69 237,759.69 237,75969 237,759.69 218,890 82 218,890 82 218,890.82
3B 2,100,160 2,100,160 1,870,427 1,870,427 1,670,427 1,691,906 1,691,906 1,691,906 1,691,906 1,864,700 1664,700 1,864,700
280,768.72 280,768 72 250,057 09 250,057.09 250,057.09 212,821 49 212,621 49 212,821.49 212,821 49 249,291.44 249,291.44 249.291.44
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00
1» 1,669,260 1,669,260 1,668,100 1,668,100 1,668,100 1,662,926 1,662,926 1,662,926 1,662,926 1,648,267 1,648667 1,648,267
208,455.85 208.45565 209,639.04 209,639.04 209,639.04 208,947 23 208,947.23 208,947 23 208,947.23 206,987 52 206,987.52 206 ,987 52
20 1,317,826 1,317,826 1,711,033 1,711,033 1,711,033 1,637,841 1,637,641 1,637,841 1,637,841 1,236,731 1636,731 1,236,731
176,17981 176,179.61 228,747.77 228,747,77 228,747.77 205,59368 205,593.68 205,593.68 205,593.68 165,204.68 165,204.68 165,204.68
21 1,601,592 1,601,692 1,466,264 1,466,264 1,466,264 1,292,392 1,292,392 1,292,392 1,292,392 1,462,673 1662,673 1,462,673
200,747.63 200,747.63 196,023.26 196,023.26 196,023 26 172,779.71 172,779.71 172.779.71 172,779.71 195,544.56 195,544.56 195,544.56
22 1,629,260 1,629,260 1,494,333 1,494,333 1,494,333 1,481,760 1,481,760 1,481,760 1,481,760 1,468,000 1668,000 1,468,000
204,445.19 204,445.19 199,777.18 199,777.18 199,777 18 198,094 92 198,094 92 198,094 92 198,094 92 194,919.79 194,919 79 194,919.79
26 1,606,076 1.606,076 1,686,433 1,686,433 1,686,433 1,622,992 1,622,992 1,622,992 1,622,992 1,486,844 1,486,844 1,486,844
214.582.22 214,582 22 212,090 02 212,090.02 212,090.02 216,977 54 216,977.54 216,977.54 216,977 54 198,642 25 198,642 25 198.642 25
30 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0 00 0.00 0 00 0 00 0.00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00
32 2,064,426 2,064,426 2,298,933 2,298.933 2,298,933 1,908,276 1,908,276 1,908,276 1,908,276 2,218,767 2,218,767 2,218,767
274,655.75 274,655.75 307,344.03 307,344.03 307,344 03 255,116.98 255,116 98 255,116 98 255,116.98 296,626 56 296,626.56 296.626.56
33 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
34 0 0 19,602 19,602 19,602 0 0 0 0 0 0 0
0.00 0.00 2,620.63 2,620.63 2.62063 0.00 0.00 0.00 0.00 0.00 0.00 0.00
42 1,441,600 1,441,600 1,434,600 1,434,600 1,434,600 1,444,760 1,444,760 1,444,760 1,444,760 1,404,600 1,404,600 1,404.600
192,713.90 192,713 90 191,791 40 191,791.40 191,791.40 193,148.43 193,148 43 193,148 43 193,148.43 187,767.38 187,767 36 187,767.38
AVO DAY AVO DAY AVO DAY AVG DAY AVO DAY AVO DAY AVG DAY
Apr-04 May-04 Jurt-04 May 10-May21 May22-Jun6 Jun7-Jun17 Jun 18-Jun30
1 291,710 1,101,613 1,093,600 1,100,646 1,102,946 1,098,018 1,087,100
389 99 1,472.74 1,462.03 147,132 147,453 146,794 145,334
2 167 1,192,681 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000
0.22 1,594 36 1,925.13 192,513 192,513 192,513 192,513
3A 1,761,447 1,816,766 1,818.820 1,819,189 1,816,666 1,843,929 1,807,137
2,354.88 2.428,82 2,431.58 243,207 242,868 246.515 241,596
38 1,999,691 1,666,696 1,668,719 1,288,707 1,306,976 969,141 2,269,820
2,673.25 2.214 70 2,217 54 172,287 174,730 128,227 302,115
10 0 0 200 0 0 0 462
0.00 0.00 0.27 0 0 0 62
10 1,477,664 1,694,076 1,602,243 1,632,462 1,612,481 1,672,224 1,617,614
1,975.47 2,131.12 2,142.04 218.242 215,572 210,190 216,259
20 1,493,160 1,271,726 1,668,386 1,426,266 1,037,776 1,666,323 1,604,294
1,996.19 1,700.17 2,083 40 190,543 138,740 209,401 214,478
21 1,390,926 1,479,646 1,490,170 1,487,730 1,461,040 1,607,386 1,486,613
1,859.53 1,978.00 1,992.21 198,894 195,326 201,522 198,598
22 1,601.000 1,486,066 1,493,133 1,498,386 1,486,969 1,446,273
1,612,769
2,006 68 1,985 38 1,996.17 200,319 198.650 193,216 202,242
20 1,674,780 1,677,387 1,681,160 1.696,864 1,674,761
1,687,843 1,678,026
2,105.32 2,108 81 2,113 84 213,349 210,529 212,278 210,966
30 19,426 266,913 266,190 412,000
64,819 8,687 608,466
2597 343 47 341.16 55,080 8,666 1,148 67,977
31 0 0 0 0
0 0 0
0.00 0 00 0.00 0 0
0 0
32 2,926,108 3,609.844 4,064,707 3,864,482
3,094,126 3,364,302 4,706,329
3,911.91 4,692 30 5,420.73 516,642 413,653
448,436 629,188
33 273 436,026 666,660 162
131,281 49,219 1,164,891
0 36 582 92 757 43 20 17,551 6,580
155,734
34 4,877 8,169 167,477
9,879 7,766 163,632 231,686
6.52 10.92 210 53 1,321 1,037 20,539
30,961
42 999,133 1,468,967 1,611,667
1,680,486 1,341,897 1,621,273 1,668,436
1,335 74 1,963 85 2,020.80 211,295 179,398
203,379 209,684
WELL 4 4 4 4 2 2 5 5 5 5 5 3
NO. 22 Apr-04 2 3-Apr-04 24-Apr-04 25-Apr 04 26-Apr 04 27-Apr-04 28-Apr-04 29-Apr-04 30-Apr-04 01-May-04 02-May-04 03-May-04
1 821,607 821,607 821,607 821,607 1,086,900 1,086,900 1,096,900 1,096,900 1,096,900 1,096,900 1,096,900 1,124.667
109,827.17 109.627.17 109.827.17 109.827.17 145.307.49 145.307 49 146.644 39 146,644 39 146,644.39 146,644 39 146,644 39 150.343 14
2 0 0 0 0 2,000 2,000 0 0 0 0 0 2.667
0 00 0.00 0.00 0.00 267 38 267 38 0.00 0.00 0 00 0.00 0 00 356 51
3A 1,840,066 1,840,066 1,840,066 1,840,066 1,772,760 1,772,760 1,793,600 1,793,600 1,793,600 1,793,600 1,793,600 1,826,333
245.996 62 245.996.62 245.996 62 245.996 62 236.998.66 236.998.66 239.772.75 239.772.75 239,772.75 239.772.75 239.772.75 244,162.21
3B 2,666,188 2,666,188 2,666,188 2,666,188 2,611,780 2.611,780 2.118,198 2,118,198 2,118,198 2,118,198 2,118,198 3,016,700
355.105 28 355.105 28 355.105.28 355.105 28 335.799.47 335.799 47 283.181 55 283.181 55 283.181 55 283.181 55 283.181 55 403.168 45
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
1» 1,676,460 1,676,460 1,676,460 1,676,460 1,697,700 1,697,700 621,620 621,620 621,620 621,620 621,620 2,173,000
210.755.35 210.755.35 210.755 35 210.755.35 226.965.24 226.965 24 69.721.93 69,721.93 69,721.93 69.721.93 69.721 93 290.508.02
20 1,467,061 1,467,061 1,467,061 1,467,061 1,646,400 1,646,400 1,669,600 1,669,600 1,669.600 1,669,600 1,669,600 1,690,133
194.794 25 194.794.25 194.794.25 194,794.25 220,106 95 220.106.95 209.626 20 209.826.20 209.826 20 209,826 20 209.826.20 225.953.65
21 1,034,820 1,034,820 1,034,820 1,034,820 1,449,160 1,449,160 1,499,000 1,499,000 1,499,000 1,499,000 1,499,000 1,611,633
138.344 92 138.344 92 138.344 92 138,344.92 193,736 63 193,736.63 200,401.07 200.401 07 200,401 07 200.401.07 200.401.07 202.090 02
22 1,648,600 1,648,600 1,648,600 1,648,600 1,626,000 1,626,000 1,493,000 1,493,000 1,493,000 1,493,000 1,493,000 1,620,000
207,018 72 207.018.72 207.018 72 207.018.72 203.877.01 203,877.01 199.598.93 199,598.93 199,598 93 199.598.93 199.598 93 203.208.56
20 1,610,000 1,610,000 1,610,000 1,610,000 1,648,700 1,648,700 1,688,100 1,688,100 1,688,100 1,688,100 1,688,100 1,697,333
215.240 64 215,240 64 215,240.64 215,240.64 207.045.45 207.045 45 212.312 83 212.312 83 212.312.83 212.312 83 212.312 83 213.547.24
30 2,739 2,739 2,739 2,739 0 0 190,696 190,696 190,696 190,696 190,696 987,924
366.11 366.11 366.11 366.11 0.00 0.00 25.480.75 25.480 75 25.480,75 25.480.75 25,480.75 132.075.36
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0 00 0.00 0.00 0.00 0.00 0 00 0 00
32 2,918,376 2,918,376 2,918,376 2,918,376 6,430,600 6,430,600 3,261,180 3,261,180 3,261,180 3,261,180 3,261,180 4,613,900
390.157.09 390.157.09 390.157 09 390.157.09 859,705 88 859.705 88 435.986.63 435,986.63 435.986 63 435.986.63 435.986.63 616.831 55
33 2,046 2,046 2,046 2,046 0 0 0 0 0 0 0 2,097,638
273.33 273.33 273.33 273.33 0.00 0.00 0 00 0 00 0.00 0.00 0 00 280,419.47
34 0 0 0 0 0 0 22,112 22,112 22,112 22,112 22,112 0
0.00 0.00 0.00 0.00 0 00 0.00 2,956.15 2.956.15 2.956.15 2.956.15 2,956.15 0 00
42 1,482,600 1,482,600 1,482,600 1,482,600 0 0 1,290,440 1,290,440 1,290,440 1,290,440 1,290,440 1,666,633
198,195.15 198.195 15 198,195 15 198.195.15 0 00 0.00 172.518 74 172.518.74 172,518.74 172,51674 172,518.74 209,429 59
3A
3B
2 4 9
WELL 3 3 4 4 4 4 3 3 3 4 4 4
NO. 04-May-04 OS-May-04 06-May-04 07-May-04 08-May-04 09-May-04 10 May-04 11-May-04 12-May 04 13-May-04 14-May-04 15-May-04
1 1.124,(67 1,124,667 1,086,076 1,086,076 1,086,076 1,086,076 1,107,400 1,107,400 1,107,400 1,094,676 1,094,676 1,094,676
150,343.14 150.343.14 145.063 50 145,063.50 145.063 50 145,063 50 148.048.13 148,048.13 148,048.13 146.333 56 146,333.56 146,333.56
2 2,667 2,667 1,320,600 1,320,600 1,320,600 1,320,600 1/440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000
356.51 356.51 176,537.43 176,537 43 176,537.43 176.537.43 192,513 37 192,513.37 192.51337 192,513.37 192.513.37 192.513 37
3A 1,826,333 1,826,333 1,783,417 1,783,417 1,783,417 1,783,417 1,819,978 1,819,978 1,819,978 1,816,676 1,816,676 1,816,676
244.16221 244,16221 238,424 67 238,424.67 238,424.67 238.424.67 243,312 57 243.312.57 243,31257 242,870 96 242,870 96 242.870 96
SB 3,016,700 3,016,700 2,939,960 2,939,960 2,939,960 2,939,960 1,791,333 1,791,333 1,791,333 1,428.944 1,428,944 1,428,944
403,168 45 403,168 45 393,041.44 393.041 44 393.041 44 393.041 44 239.48307 239.483.07 239,483.07 191,035.33 191,035 33 191,035 33
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0 00 0 00 0 00 000 0 00 0 00 0 00
19 2,173,000 2,173,000 1,667,676 1,667,676 1,667,676 1.667,676 0 0 0 2,919,926 2,919,926 2,919,926
290,508 02 290,508.02 209,568.85 209,568 85 209,568 85 209.568 85 0.00 0.00 0 00 390,364 30 390,364,30 390,364 30
20 1,690,133 1,690,133 1,660,826 1,660,826 1,660,826 1,660,826 1,460,100 1,460,100 1,460,100 1,662,026 1,662,026 1,662,026
225,953.65 225.953.65 222,035.43 222,035.43 222.035.43 222,035.43 193.863.64 193,863.64 193,863.64 207.489.97 207,489.97 207,489.97
21 1,611,633 1,611,633 1,474,760 1,474,760 1,474,760 1,474,760 1,600,033 1,600,033 1,600,033 1,478,600 1,478,600 1/478,600
202,090.02 202,090.02 197,159.09 197.159.09 197.159 09 197.159.09 200,539.22 200,539.22 200,539.22 197,660.43 197,660.43 197,660 43
22 1,620,000 1,620,000 1,496,760 1,496,760 1,496,760 1,496,760 1,610,667 1,610,667 1,610,667 1,619,760 1,619,760 1,619,760
203,208.56 203,208.56 199,966 58 199.966.58 199,966 58 199.966,58 201,960,78 201,960.78 201,960 78 203.175,13 203.175,13 203.175 13
20 1,697,333 1,697,333 1,622.960 1,622,960 1,622,960 1,622.960 1,620,028 1.620.028 1,620,028 1,663,229 1,663,229 1,663,229
213,547.24 213,547.24 203,602 94 203.602 94 203,602 94 203,602 94 216.581 28 216,581.28 216,581 28 208.987.83 208,987 83 208,987.83
30 987.924 987,924 0 0 0 0 497,300 497,300 497,300 361,437 361,437 361,437
132,075 36 132,075.36 0.00 0.00 0.00 0 00 66,484.00 66,484.00 66,484.00 48,320 45 48,320 45 48,320 45
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0 00 0,00 0.00 0.00 0.00 0.00
32 4,613,900 4,613,900 4,309,676 4,309,676 4,309,676 4,309,676 4,282,133 4,282,133 4,282,133 4,309,676 4,309,676 4,309,676
616,831.55 616,831.55 576,146 39 576,146 39 576.146 39 576.146 39 572.477 72 572,477.72 572,477.72 576,146 39 576,146.39 576,146.39
33 2.097,638 2,097,638 1,808,046 1,608,046 1,608,046 1,608,046 0 0 0 0 0 0
280.419 47 280,419.47 214.979.41 214,979.41 214,979 41 214,97941 0.00 0.00 0.00 0.00 0.00 0.00
34 0 0 0 0 0 0 0 0 0 27.169 27,169 27,169
0 00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 3.632.15 3,632.15 3,632.15
42 1,666,633 1,666,633 1,634,160 1,634,160 1,634,160 1,634,160 1,642,033 1,642,033 1,642,033 1,612,746 1,612,746 1,612,746
209,429 59 209.429 59 205,100.27 205.100 27 205,100.27 205,100,27 219,523,13 219,523 13 219,523 13 215,607.65 215,607.65 215.607.65
3A
3B
2 5 0
WELL 4 3 3 3 4 4 4 4 3 3 3 5
NO. 16-May-04 17-May-04 18-May 04 19-May-04 20-May-04 21-May-04 22-May-04 23 May 04 24-May-04 25-May-04 26-May-04 27-May-04
1 1,004.676 1,106,307 1,106,307 1,106,307 1,086,670 1,086,670 1,086,670 1,086,670 1,103,933 1,103,933 1,103,933 1,112,940
146.333.56 147,901.96 147,901.96 147,901 96 145,263 37 145.263 37 145,263.37 145,263.37 147,584.67 147,584.67 147,584.67 148,788.77
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440.000 1,440,000 1,440,000
102.513 37 192,513.37 192,513.37 192,513.37 192,513 37 192,513.37 192,513.37 192,513.37 192,513.37 192,513.37 192,513.37 192,513.37
3A 1,016,676 1,617,900 1,817,900 1,617,900 1,830.760 1,830,760 1,830,760 1,830,760 1,814,667 1,814,667 1,814,667 1,834,480
242.870.96 243.034 80 243,034 80 243,034.80 244,752.67 244,752 67 244,75267 244,752.67 242,602.50 242,602.50 242,602.50 245,251 34
3B 1,426,944 676,308 676,308 676,306 1,067,076 1,067,076 1,067,076 1,067,076 1,266,433 1,266,433 1,266,433 1,039,667
191.035.33 90.415.46 90,415 46 90,415 46 141,320.19 141,320.19 141,320 19 141,320 19 167.838.68 167,838 68 167,838.68 138,979 57
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0 00 0.00 0 00 0 00
1» 2,919,926 1,668,700 1,668,700 1,668,700 1,671,176 1,671,176 1,671,176 1,671,176 1,646,133 1,646,133 1,646,133 1,696,020
390,364 30 209.719 25 209,719.25 209,719 25 210,050.13 210,050.13 210,050.13 210,050.13 220,071.30 220,071.30 220,071.30 213,237.97
20 1,662,026 1,388,271 1,388,271 1,388,271 964,697 964,697 964,697 964,697 969,213 969,213 969,213 630,232
207,489.07 185.597,73 185,597.73 185,597.73 127,633.26 127,633 26 127,63326 127,633 26 128,237.08 128,237.08 128,237 06 84,255 61
21 1,478,600 1,482,133 1,462,133 1,482.133 1,604,626 1,604,626 1,604,626 1,604,626 1,369,300 1,369,300 1,369,300 1,496,600
197,660.43 198,146.17 198,146.17 198,146 17 201,139.71 201,139 71 201,139 71 201,139 71 181,724 55 181,724 55 181,724 55 199,933 18
22 1,619,760 1,463,667 1,463,667 1,463,667 1,480,260 1,480,260 1,480,260 1,480260 1,387,667 1,387,667 1,387,667 1,484,400
203.175.13 195,677.36 195,677.36 195,677.36 197,894 39 197,894 39 197,894.39 197,894 39 185,516.93 185,516.93 185,516 93 198,449.20
26 1,663,229 1,633,021 1,633,021 1,633,021 1,642,336 1,642,336 1,642,336 1,642,336 1,691,267 1,691,267 1,691,267 1,676,760
208.987.83 218,31827 218.318 27 218,318.27 206,194 45 206,194.45 206,194 45 206,194.45 212,736 19 212,736.19 212,736 19 210,796 79
30 361,437 630,966 630,966 630,966 1,462 1,462 1,462 1,462 26,766 26,766 26,766 640
48,320 45 70,984 58 70,984 58 70,984 58 194 05 194 05 194 05 194 05 3,578 39 3,578 39 3,578.39 72.19
31 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0 00 000 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 4,309,676 3,226,167 3,226,167 3,226,167 2,749,100 2,749,100 2,749,100 2,749,100 2,666.467 2,666,467 2,666,467 2,489,360
576.146.39 431,17201 431,172 01 431,172.01 367,526 74 367,526.74 367,526.74 367,526.74 356,479.50 356,479.50 356,479 50 332,802.14
33 0 0 0 0 1,667 1,667 1,667 1,667 268,960 268,960 268,960 1,700
0.00 0 00 0 00 0.00 222.79 222 79 222.79 222 79 34 ,618 98 34,618.98 34,618 98 227.27
34 27,169 0 0 0 0 0 0 0 0 0 0 20,071
3,632.15 0 00 0 00 0 00 0.00 0.00 0 00 0.00 0.00 0 00 000 2,683.29
42 1,612,746 1,606,773 1,606,773 1,606,773 1,487,960 1,487,960 1,487,960 1,487,960 1,669,800 1,669.800 1,669,800 1,118,400
215,607.65 201,440.29 201,440 29 201,440 29 198,923.80 198,923 80 198,923.80 198,923 80 208,529.41 208,529.41 208,529.41 149,518.72
2 5 1
WELL 5 5 5 5 2 2 4 4 4 4 3 3
NO. 26 May 04 29-May-04 30-May-04 31-May-04 01 Jun-04 02-Jun-04 03-Jun-04 04-Jun-04 05-Jun-04 06-Jun-04 07-Jun-04 08-Jun-04
1 1,112.940 1,112,940 1,112,940 1,112,940 1,084,860 1,084,860 1,106,960 1,106,960 1,106,960 1,106,960 1,130,433 1,130,433
148,76677 148.788.77 148,788,77 148,788 77 145,033.42 145.033.42 147,987 97 147,987.97 147,987.97 147,987.97 151,127.45 151,127.45
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440.000 1,440,000 1,440,000 1,440,000
102,513.37 192,513.37 192,513.37 192,513,37 192,513 37 192,513 37 192,513.37 192,513.37 192,513.37 192,513.37 192,513.37 192.513.37
3A 1,834,480 1,834,480 1,634,480 1,834,480 1,817,800 1,817,800 1,788,260 1,788,260 1,788,260 1,788,260 1,838,333 1,838,333
245,251.34 245,251.34 245,251.34 245,251.34 243,021 39 243,021 39 239,070 86 239,070 86 239,070.86 239,07086 245,766.49 245,766 49
38 1,039,667 1,039,667 1,039,667 1,039,667 1,010,432 1,010,432 1,963,126 1,963,126 1,963,126 1,963,126 921,960 921,960
138.970.57 138,979.57 138,979.57 138,979 57 135,084.49 135,084.49 261,112.97 261,112.97 261,112.97 261,112 97 123,255 35 123,255.35
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,696,020 1,696,020 1,696,020 1,696,020 1,662,078 1,662,078 1,669,924 1,669,924 1,669,924 1,669,924 1,468,917 1,468,917
213.237 97 213,237 97 213,237 97 213,237 97 207,497.06 207,497.06 221,914.91 221,914 91 221,914.91 221,914.91 196,379 23 196,379 23
20 630,232 630,232 630,232 630,232 1,077,187 1,077,187 1,627,967 1,627,967 1,627,967 1,627,967 1,424,633 1,424,633
84,255.61 84,255.61 84,255.61 84.255.61 144,008.96 144,008.98 217,641 24 217,641.24 217,641.24 217,641.24 190,445.63 190,445 63
21 1,496,600 1,496,600 1,496,600 1,496,600 1,463,660 1,463,660 1,471,221 1,471,221 1,471,221 1,471,221 1,494,472 1,494,472
199,833 18 199,933 18 199,933.18 199,933.18 195,675.13 195,675 13 196,687 33 196,687 33 196,687 33 196,687 33 199,795 68 199,795 68
22 1,484,400 1,484,400 1,484,400 1,484,400 1,494,600 1,494,600 1,660,260 1,660,260 1,660,260 1,660,260 1,413,667 1,413,667
196,449.20 198.449.20 198,449.20 198,449.20 199,799.47 199,799 47 208,589 57 208,589,57 208,589 57 208,589 57 188,992.87 188.992 87
26 1,676,760 1,676,760 1,676,760 1,676,760 1,666,600 1,666,600 1,686,176 1,686,176 1,666,176 1,686,176 1,620,033 1,620,033
210,796.79 210,796 79 210,796 79 210,796.79 208.101.60 208,101.60 211,921 79 211,921 79 211,921.79 211.921 79 216,58200 216,582 00
30 640 640 640 640 264,467 264,467 110,667 110,667 110,667 110,667 27,687 27,687
72.19 72.19 72.19 72 19 34,019 59 34,019 59 14,781 68 14,781 68 14,781 68 14,781 68 3,701.43 3,701 43
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0 00 0.00 0 00 0 00 0 00 0.00 0.00 0.00 0.00
32 2,489,360 2,489,360 2,489,360 2,489,360 3,603,800 3,603,800 4,088,600 4,088,600 4,088,600 4,088,600 3,330,000 3,330,000
332,802.14 332,802 14 332,802.14 332.802 14 481,791 44 481,791 44 546,590 91 546,590 91 546,590.91 546,590 91 445,187.17 445,187 17
33 1,700 1,700 1,700 1,700 666,903 666,903 0 0 0 0 180,471 180,471
227.27 227.27 227.27 227 27 87.687 57 87,687 57 0 00 0 00 0.00 0.00 24.127.14 24,127 14
34 20,071 20,071 20,071 20,071 0 0 6,936 6,936 6,936 6,936 161,920 161,920
2,68329 2,683.29 2,683 29 2,683.29 0 00 ooo 793 48 793.48 793.48 793 48 21,647.01 21,647.01
42 1,118,400 1,118,400 1,118,400 1,118,400 1,737,600 1,737,600 1,187,013 1,187,013 1,187,013 1,187,013 1,473,673 1,473,673
149,518 72 149,518 72 149.518.72 149,518.72 232,286 10 232,286 10 158,691.51 158,691 51 158.691 51 158,691.51 197.001.78 197.001.78
3A
3B
2 5 2
WELL 3 4 4 4 4 3 3 3 4 4 4 4
NO. 09-Jun-04 10-Jun-04 11-Jun-04 12-Jun-04 13-Jun-04 14-Jun-04 15-Jun-04 16-Jun-04 17-Jun-04 18-Jun-04 19-Jun-04 20-Jun-04
1 1,130,433 1,066,400 1,066,400 1,066,400 1,066,400 1,103.867 1,103,867 1,103,867 1,109,703 1,109,703 1,109,703 1,109,703
151.127.45 142.566 84 142,566.84 142.566 84 142.566.84 147.575 76 147.575 76 147,575 76 148,356 05 148.35605 148.356.05 148.356 05
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1 >40,000 1,440,000 1 >40,000 1,440,000 1,440,000 1,440,000
192.513.37 192.513 37 192.513.37 192.513 37 192.513 37 102.513.37 192.513 37 192.51337 192.513.37 192.513.37 192.513.37 192.513.37
3A 1,838,333 1,868,926 1,868,926 1,868,926 1,866,926 1,820,600 1,620,600 1,820,600 1,830,714 1,830,714 1,830,714 1,830,714
245,766.49 249.856 28 249.856.28 249,856 28 249.856.28 243.395.72 243.395,72 243,395.72 244.747.83 244.747.83 244.747.83 244.747,83
38 921,960 262,663 262,663 262,663 262,663 1,669,666 1,669,666 1,669,666 1,766,386 1,766,386 1,766,386 1,766,386
123.255 35 35,115.31 35.115 31 35.115.31 35.115.31 221,865.69 221.865.69 221.865 69 234.677.31 234.677.31 234.677.31 234,677 31
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
19 1,468,917 1,609,426 1,609,426 1,609,426 1,609,426 1,608,041 1,608,841 1,608,841 1,623,496 1,623,496 1,623,496 1,623>96
196,379.23 215.163 77 215,163.77 215,163.77 215.163,77 215.085,65 215.085.65 215,085 65 217 .044 72 217,044 72 217.044.72 217.044.72
20 1,424,633 1,626,660 1,626,660 1,626,660 1,626,660 1,677,833 1,677,833 1,677,833 1,420,266 1,420>66 1>20>66 1,420,266
190.445.63 217.319.52 217,319.52 217,319.52 217.319.52 224.309.27 224.309.27 224.309.27 189.873.66 189.873.66 189.673.66 189.873.66
21 1,494,472 1,166,376 1,166,376 1,166,376 1,166.376 1,974,766 1,974,766 1,974,766 1,612,026 1,612.026 1,612,026 1,612,026
199.795 68 155.798 80 155.798 80 155.798 80 155.798.80 264,006.19 264.006 19 264.006 19 202.142.41 202.142.41 202.142.41 202.142-41
22 1 >13,667 1,626,600 1,626,600 1,626,600 1,626,600 1,616,333 1,616,333 1,616,333 1,009,000 1,009,000 1,009,000 1,009,000
168,992 87 203,943 85 203,943.65 203,943.85 203.943 85 202.584.67 202,584.67 202.584.67 134.893.05 134,893.05 134.893 05 134.893.05
26 1,620,033 1,646,860 1,646,860 1,646,860 1,646,860 1.686,267 1,686,267 1,686,267 1,662,971 1,662,971 1,662,971 1,662,971
216,582.00 206.798.13 206,798.13 206.798.13 206.798 13 211.934 05 211,934,05 211,934 05 222,322.36 222.322 36 222,322 36 222.322 36
30 27,687 2,236 2>36 2,236 2,236 820 820 820 0 0 0 0
3,701.43 298.80 298 80 298.80 298.80 109 63 109 63 109.63 0.00 0.00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0 00 0 00 0.00 0 00 0.00 0.00 0.00 0 00 0 00 0 00
32 3,330,000 3,038,626 3,038,626 3,038,626 3,038,626 3,649,433 3,649,433 3,649,433 3,804,626 3,804,626 3,804,626 3,804,626
445.187 17 406.233 29 406.233.29 406.233.29 406.233.29 487.892.16 487,892.16 487,892 16 508.626.34 508,626 34 508,626 34 508.626 34
33 180,471 0 0 0 0 0 0 0 0 0 0 0
24.127.14 0.00 0.00 0.00 0.00 0 00 0.00 0 00 0 00 0 00 0.00 0.00
34 161.920 9,860 9,860 9,860 9,860 386.777 386,777 386,777 7,418 7,418 7,418 7,418
21.647 01 1,318.18 1.318.18 1.318.18 1.318.18 51,574.42 51.574.42 51.574.42 991 68 991 68 991 68 991.68
42 1,473,673 1,631,808 1,631,800 1,631,808 1,631,808 1,639,767 1,639,767 1,639,767 1,666,760 1,666,760 1,666,760 1,666,760
197.001 78 204,787.10 204.787.10 204.787.10 204.787 10 205.851 16 205.851.16 205,851.16 209.458 56 209.458.56 209.458.56 209.458 56
3A
3B
2 5 3
WELL 3 3 3 4 4 4 4 3 3 3
NO. 21-Jun-04 22-Jun 04 23-Jun-04 24 Jun-04 25-Jun 04 26-Jun-04 27-Jun-04 28-Jun-04 29-Jun-04 30-Jun-04
1 1,087,062 1,087,062 1,087,062 1,071,208 1,071,208 1,071,208 1,071,208 1,086,733 1,086,733 1,086,733
145.327.85 145,327.85 145,327 85 143,209.56 143.209.56 143,209.56 143,209.56 145,151.52 145,151.52 145,151.52
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000
192,513,37 192,513.37 192,513 37 192,513 37 192,513.37 192,513.37 192,513.37 192,513 37 192,513.37 192,513 37
3A 1,767,640 1,767,648 1,767,648 1,827,400 1,827,400 1,827,400 1,827,400 1,806,133 1,806,133 1,806,133
234,966.35 234,966 35 234,966.35 244.304 81 244,304.81 244,304 81 244,304 81 241,461 68 241,461.68 241,461.68
38 2,304,363 2,304,363 2,304,363 3,021,626 3,021,626 3,021,626 3,021,626 1,703,970 1,703,970 1,703,970
308,069.92 308.069 92 308,069.92 403,960 56 403,960.56 403,960.56 403,960.56 227,803.48 227,803.48 227,803.48
10 1,000 1,000 1,000 760 760 760 760 0 0 0
133 69 133 69 133 69 100.27 100.27 100.27 100.27 0 00 0,00 0.00
1» 1,610,167 1,610,167 1,610,167 1,617,226 1,617,226 1,617,226 1,617,226 1,619,700 1,619,700 1,619,700
215.262 92 215,262 92 215,262.92 216,206 55 216,206 55 216.206.55 216.206.55 216,537.43 216,537 43 216,537.43
20 1,671,364 1,671,364 1,671,364 1,646,047 1,646,047 1,646,047 1,646,047 1,666,690 1,666,690 1,666,690
223,444 43 223,444 43 223,444 43 220,059 73 220,059.73 220.059.73 220,059.73 222,672.50 222,672.50 222,67250
21 1,438,283 1,438,283 1,438,283 1,611,263 1,611,263 1,611,263 1,611,263 1,471,900 1,471,900 1,471,900
192,283 87 192,283 87 192,283.87 202,040.44 202,040.44 202.040.44 202,040 44 196.778 03 196,778 03 196,778 03
22 2,132,000 2.132,000 2,132,000 1,476,000 1,476,000 1,476,000 1,476,000 1,447,667 1,447,667 1,447,667
285,026.74 285,02674 285,026 74 197,192.51 197,192.51 197,192 51 197.192.51 193,538 32 193,538.32 193,538.32
26 1,668,660 1,668,660 1,668,660 1,636,369 1,636,369 1,636,369 1,636,369 1,669,433 1,669,433 1,669,433
208,363.59 208,363 59 208.363 59 205,261 90 205,261 90 205.261.90 205,261 90 209.817.29 209,817.29 209,817 29
30 646,829 646,829 646,829 290,066 290,066 290,066 290,066 1,169,776 1,169,776 1,169,776
86,474.47 86,474.47 86,474.47 38.777.57 38,777.57 38,777.57 38.777.57 156,387 17 156,387 17 156,387 17
31 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 000 0 00 0.00
32 4,766,600 4,766,600 4,766,600 4,968,000 4,968,000 4,968,000 4,968,000 6,213,300 6,213,300 6,213,300
637,112.30 637,112.30 637,112.30 662,834.22 662,834.22 662,834.22 662,834 22 696,965.24 696.965.24 696,965.24
33 1,366,127 1,366,127 1,366,127 906,100 906,100 906,100 906,100 2,483,600 2,483,600 2,483,600
181,300 40 181,300 40 181,300 40 121.136 36 121,136.36 121,136 36 121,136 36 332.032.09 332,032.09 332,032.09
34 771,389 771,389 771,389 4.431 4,431 4,431 4,431 218,823 218,823 218,823
103,126.83 103,126 83 103.12683 592.38 592.38 592 38 592.38 29,25441 29,254.41 29.254,41
42 1,660,089 1,660,089 1,660,089 1,671,421 1,671,421 1,671,421 1,671,421 1.441,160 1,441,160 1,441,160
208,568.00 208,568.00 208.568 00 223.452.01 223,452 01 223,452 01 223,452.01 192,667.11 192.667.11 192,667.11
3A
3B
2 5 4
CALCULATED '  DAILY USAGE BOLD IS GALLONS FINE IS CUBIC FEET
WELL DAYS BETWEEN READS S 5 5 5 5 6 6 6 6
NO. LOCATION 01-Jul-04 02 Jul-04 03-JUI-04 04-Jul-04 OS-Jul-04 06-Jul-04 07-Jul-04 08-Jul 04 09-Jul 04
1 S. 6th W. 1,089,920 1,089,920 1,089,920 1,089,920 1,089,920 1,082,883 1,082,883 1,082,883 1,082,883
145,711.23 145,711 23 145.711 23 145,711 23 145,711 23 144.770.50 144,770 50 144,770.50 144,770.50
2 S. 14th W. 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1.440,000 1,440,000 1,440,000 1,440,000
192,513.37 192,513.37 192,513 37 192,513 37 192,513.37 192.513,37 192,513.37 192,513 37 192,513 37
3A SOUTH AVE. 100 hp 1,904,103 1,904,103 1,904,103 1,904,103 1,904,103 1,782,067 1,782,067 1,782,067 1,782,067
254,559.28 254,559.28 254,559.28 254,559 28 254,559.28 238,244 25 238.244 25 238,244 25 238,244.25
38 SOUTH AVE. 200 hp 2,607,016 2,607,016 2,607,016 2,607,016 2,607,016 2,806,346 2,806,346 2,806,346 2,806,346
335,162.38 335,162.38 335.162.38 335,162 38 335,162 36 375,046.23 375.046.23 375,046,23 375,046.23
10 HILDA AVE. 200 200 200 200 200 833 833 833 833
26 74 26.74 2674 26 74 26.74 111.41 111.41 11141 111.41
1ft N.RUSSELL 1,614,668 1,614,668 1.614.668 1,614,668 1,614,668 1,626,137 1,626,137 1,626,137 1,626,137
215,863.34 215,663.34 215.863 34 215,863 34 215,863 34 217,264 30 217.264 30 217.264.30 217,264.30
20 CATLIN ST. 1,667,446 1,667,446 1,667,446 1,667,446 1,667,446 1,680,683 1,680,683 1,680,683 1,680,683
222,920.56 222.920.56 222.920.56 222,920 56 222,920 56 224,676.92 224,676.92 224,676,92 224,676 92
21 E. CENTRAL 2,668,368 2,668,368 2,668,368 2,668,368 2,668,368 634,666 634,666 634,666 634,666
343,363.32 343.363.32 343,363.32 343.363 32 343,363 32 84,847 08 84,847.08 84,847 08 84,847.08
22 INTERMOUNTAIN 1,693,000 1,693.000 1,693,000 1,693,000 1,693,000 1,113,833 1,113,833 1,113,833 1,113,833
212,967.91 212.967,91 212,967.91 212,967.91 212,967 91 148,908.20 148,908 20 148,908 20 148,908.20
26 BENTON ST. 1,680,200 1,680,200 1,680,200 1,680,200 1,680,200 1,681,317 1,681,317 1,681,317 1,681,317
211,256.68 211.256.68 211,256.68 211.256 68 211,256.68 211,405.97 211,405 97 211,405.97 211,405.97
30 BANK ST. 684,388 684,388 684,388 684,388 684.388 1,300,316 1,300,316 1,300.316 1,300,316
78,126.79 78,126.79 78,126.79 78,126.79 78,126.79 173,838 97 173,838 97 173,838 97 173,838.97
31 KIWANIS ST. 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 00 0 0.00 0.00 0.00 0.00
32 ARTHUR AVE. 6,087,600 6,087,600 6,087,600 6,087,600 6,087,600 6,141,767 6,141,767 6,141,767 6,141,767
680.147 06 680,147.06 680,147.06 680.147.06 680,147.06 687,401 96 687,401 96 687,401 96 687,401 96
33 GERALD AVE. 1,104,121 1,104,121 1,104,121 1,104,121 1,104,121 2,209,376 2,209,376 2,209,376 2,209,376
147.609 71 147,609 71 147,609.71 147.609.71 147.609.71 295,371 03 295,371 03 295,371 03 295,371 03
34 MAURICE AVE. 0 0 0 0 0 663,967 663,967 663,967 663,967
0.00 0.00 0.00 000 0.00 74,059 74 74,059 74 74,059 74 74,059 74
42 M.W.W. #2 WEST 1,643,289 1,643,289 1,643,289 1,643,289 1,643,289 1,626,829 1,626,829 1,626,829 1,626,829
219,691.04 219,691 04 219,691 04 219.691 04 219,691 04 203.987.88 203,987.88 203,987 88 203,987 88
MONTHLY
TOTALS
MONTHLY
TOTALS
MONTHLY
TOTALS MIN DAY MIN DAY MIN DAY MAX DAY MAX DAY MAX DAY
Jul-04 Aug-04 S4P-04 Jul-04 Aug-04 Sup-04 Jul-04 Aug-04 Sep-04
1 S. 6th W, 33,460,200 32,990,647 13,269,411 1,026,068 1,049,169 0 1,096,260 1,076,460 1,110,860
4,471,951 87 4,410,500.89 1,773,985.47 137,039.88 140,263.26 0.00 146,423 80 144,177.81 148,509.36
2 S. 14th W. 44,640,000 44,640,000 11,620,000 1,440,000 1,440,000 0 1,440,000 1,440,000 1,440,000
5,967,914.44 5,967.914 44 1,540,106 95 192,513.37 192.513 37 0 00 192,51337 192,513 37 192,513 37
3A SOUTH AVE. 100 hp 66,869,176 66,270,404 63,638,929 1,692,033 1.621,027 1,746,046 1,904,103 1,846,416 1,836,067
7,469,141.04 7,389,091.40 7,170,979.79 226,207.66 216,714.80 233,294.97 254,55928 246,713 40 245,328.43
3B SOUTH AVE. 200 hp 84,664,933 74,666.342 18,734,834 2,076,400 1.170,440 4,913 3,090,803 3,240,776 1,436,246
11,317,504 34 9,967,291.64 2,504,656.89 277.459.89 156,475.94 656.82 413,208.96 433,258.69 191,677.67
10 HILDA AVE. 31,376,760 48,640,260 26,089,000 200 704,000 0 1,683,667 1,706,760 2,318,333
4,194,618 98 6,489,338.24 3,354,144 39 26.74 94,117.65 0 00 225,089 13 228,175 13 309.937 61
19 N.RUSSELL 60,661.420 34,908,004 47,732,706 1,671,600 2,226 1,320,733 1,716,619 1,660,680 2,004,689
6,758,211 23 4,666,845.45 6,381,377.81 210,093 58 297.46 176,568 58 229,360.78 222,016.04 268,006 55
CATLIN ST. 61.846204 44,666,426 44,331,260 1,611,694 731,033 1,070,340 1,699,642 1,677,033 1,707,606
6,931,177.01 5,956,741 31 5,926,637.70 215,453.74 97,731 73 143,093 58 227,224 63 224.202 32 228,289.53
21 E.CENTRAL 46,316.947 46,400,201 44,907,103 634,666 1,407,417 1,163,428
2,668,368 1,666,293 1,760,860
6,192,105.18 6,203,235.42 6,003,623.44 84,847.08 188,157.31 155,538 55 343,363 32 207,926 80 234.072 19
22 INTERMOUNTAIN 36.374,760 42,963.260 46,164,760 406,600 486,000
1,464,000 1.693,000 1.641,000 1,641,000
4,862,934 49 5,742,413.10 6,036,068.18 54,344.92 64,973.26 195,721 93 212,967 91 206,016 04 206,016 04
26 BENTON ST. 49,007,600 48,723,100 46,748,063 1,646,216 1,606,200
1,369,049 1,649,447 1,679,633 1,766,671
6,551,804.81 6,513,783.42 6,249,741 01 206,579,55 201,229.95 181,691.09 220,514.26 224,549 91 236,172.63
30 BANK ST. 69,448,748 67,893,379 101,668 684,388
67,269 0 3,148,666 3,932,167 67,269
7,947,693.52 7,739,756.48 13,57861 78,126 79 7,654.95 0.00 420,931 24 525.69073 7.654.95
31 KIWANIS ST. 0 0 0
0 0 0 0 0 0
0.00 0.00 000 0 00 0.00 0.00 0 00 0.00 0.00
32 ARTHUR AVE. 160,712,276 147,032,768
91,177,867 4,970,333 3,640,900 2,312,600 6,328,000 6,329,233 4,166,960
21.485,598 26 19,656,785.87 12,189,554 37 664,483 07 473,382 35 309,157.75 712.299.47 712,464.35 555.741.98
91,084,726 68,666,687 1,779,824 1,104,121 0 0 4,606,713 6,206,860 216,301
12,177,10227 9,180,038.41 237.944 34 147,609 71 0.00 0.00 615,870 68 696,102 94 28.917.28
34 MAURICE AVE. 11,749,638
8,601,717 986,271 0 0 0 666,627 897,168 141,696
1,570,807.22 1,136.593.23 131,720.68 0 00 0 00 0.00 75,738.84 119,942 29 18.929 81
42 M.W.W. #2 WEST 49.424,600 49,161,697 46,617.903 1,626,829 1,477,698 1,460,110 1,668,220
1,730,367 1,619,217
6,607.566 84 6,572,419 34 6,085,281 19 203,987 88 197,539 88 193,864 94 223,024 06 231,332.44 216,472 89
—  --------------  ZD O
WELL 6 8 3 3 3 4 4 4 4 3 3 3
NO. 10 Jul-04 11-Jul-04 12-Jul-04 13-Jul-04 14-Jul-04 1 S-Jul-04 ie-Jui-04 17-Jul-04 18-Jul-04 18-Jul 04 20-Jul-04 21-Jul-04
1 1,062,883 1,082,883 1,080,367 1,080,367 1,080,367 1,096,260 1,096,260 1,096,260 1,096,260 1,072,062 1,072,062 1,072,062
144,770.50 144,770.50 144,434.05 144,434 05 144,434.05 146,423.80 146.423 80 146,423.80 148,423 80 143.322.42 143,322.42 143,322.42
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000
192,513.37 192,513 37 192,513.37 192,513.37 192.513.37 192,513.37 192,513 37 192,513.37 192,513 37 192.513 37 192,513 37 192,513 37
3A 1,782,067 1,782,067 1,869,870 1,869,870 1,869,870 1,729.693 1,729,693 1,729,693 1,729,693 1,817,033 1,817,033 1,817,033
238.244.25 238,244 25 249,982 58 249,982 58 248.982 58 231,229 01 231,229,01 231.229.01 231.229 01 242,918 89 242,918 89 242,918 89
3B 2,806,346 2,806,346 3,090,803 3,090,803 3,090,803 2,906.868 2,906,868 2,906.868 2,906,868 2,076,400 2,076,400 2,076,400
375,046.23 375,046,23 413,208 96 413,208.96 413.208,96 388,617.41 388,617.41 388.617.41 388.617 41 277.459 89 277.459.89 277,450.89
10 833 833 1,242,000 1,242/100 1,242,000 1,673,760 1,673,760 1,673,760 1.673,760 1,683,667 1,683,667 1,683,667
111 41 111,41 166,042 78 166.042 78 166,042.78 210,394.39 210,394 39 210.394 39 210.394 39 225.089 13 225,089 13 225,089 13
19 1,626,137 1,626,137 1,716,619 1,716,619 1,716,619 1,610,768 1,610,768 1,610,768 1,610,768 1,632.300 1,632,300 1,632,300
217,264 30 217,264 30 229,360.78 229.360 78 229,360 78 215,342.01 215.342.01 215.342 01 215,34201 218,221 93 218.221 93 218221.93
20 1,660.683 1,680,683 1,687,300 1,687,300 1,687,300 1,668,060 1,668.060 1,668,060 1,668,060 1,680,417 1,680,417 1,680,417
224.676.92 224.676 92 225,574.87 225,574 87 225,574.87 223,001 34 223.001.34 223.001.34 223.001.34 224,654.68 224.654 68 224,654.68
21 634,666 634,666 1,647,698 1,647,698 1,647,698 1,423,323 1,423,323 1,423,323 1,423,323 1,622,196 1,622,196 1,622,196
84,847 06 84,847.08 206,911.50 206,911.50 206,911.50 190,263 86 190,283.86 190.283 86 190,283.86 203.502 18 203.502.18 203,502 18
22 1,113,833 1,113,833 1,448,667 1,448,667 1,448,667 406,600 406,600 406,600 406,600 1,421,333 1,421,333 1,421,333
148,908.20 148,908.20 193,672 01 193,672 01 193,672.01 54,344.92 54,344 92 54.344.92 54,344.92 190,017.83 190.017.83 190.017.83
26 1,681,317 1,681,317 1,649,447 1,649,447 1,649,447 1,646,216 1.646,216 1,646,216 1,646,216 1,642,612 1,642,612 1,642,612
211,405 97 211,405.97 220,514.26 220,514 26 220,514,26 206,579.55 206,579 55 206.579.55 206,579.55 219,600.53 219.600.53 219,600.53
30 1,300,316 1,300,316 3,148,666 3,148,666 3,148,666 2,809,292 2,809,292 2,809,292 2,809,292 1,090,633 1,090,633 1,090,633
173,838 97 173,838,97 420,931.24 420,931 24 420,931 24 375.573.80 375,573 80 375,573.80 375,573 80 145.793.18 145,793 18 145,793 18
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
32 6,141,767 6,141,767 6,328,000 6,328,000 6,328,000 6,199,426 6,199,426 6,199,426 6,199,426 4,970,333 4,970,333 4,970,333
687,401.96 687.401.96 712.299.47 712,299.47 712,299.47 695.110.29 695,110.29 695,110.29 695.110.29 664.483.07 664,483.07 664,483.07
33 2,209,376 2,209,376 4,606,713 4,606,713 4,606,713 3,838,377 3,838,377 3,838,377 3,838,377 1,761,733 1,761,733 1,761,733
295,371.03 295,371 03 615,870 66 615,870.68 615,870.68 513.151 97 513,151 97 513.151.97 513,151 97 235.525.85 235,525.85 235,525 65
34 663,967 663,967 641,611 641,611 641.611 666,627 666,627 666.627 666,627 360,118 360,118 360,118
74,059,74 74,059.74 72,394.56 72,394 56 72,394 56 75.738.84 75,738.84 75.738.84 75.738.84 46.807.17 46,807.17 46,807.17
42 1,626,829 1,626,829 1,668,220 1,668,220 1,668,220 1,689,966 1,689,966 1,689,966 1,689,966 1,686,400 1,686,400 1,686,400
203,987.88 203,987.88 223.024.06 223.024.06 223,024.06 212.560.80 212,56080 212,560.80 212.560.80 212,085 56 212,085.56 212,085 56
AVO DAY AVO DAY AVG DAY AVO DAY AVG DAY AVG DAY AVG DAY
Jul-04 AU0-O4 S«p-04 Jul4-Jul24 Jul2S-Aug 25 Aug 26- Sept Sept 24 Sep3C
1 1,079,039 1,064,211 442,314 1,086,192 1,061,062 703,310 0
144.256.51 142,274 22 59.132.85 145,079 141,852 94,025 0
2 1,440,000 1,440.000 384,000 1,440,000 1,440,000 720,000 0
192,513 37 192,513 37 51,336 90 192,513 192,513 96,257 0
3A 1,802,231 1,782.916 1,787,964 1,803,732 1,771,106 1,794,703 1.787.461
240,940.03 238,357 79 239,032 66 241,141 236,779 239,933 238,964
3B 2,730,804 2.406.011 624,494 2,714,007 2,786,286 613,306 427.369
365,080 79 321,525 54 83,486.56 362,835 372,364 108,731 57.135
10 1,012,121 1,666,816 836,300 920.346 1,623,163 1,177,714 0
135,310 29 209,333 49 111,604.81 123.041 216.999 157,448 0
19 1,630,691 1,126,066 1,691.090 1,630,496 1.193.964 1.641.679 1.679.996
218,006.81 150,543.40 212,71259 217,981 159,621 206,093 211.229
20 1,672,426 1,437,304 1,477,708 1,679.661 1,662,113 1.366.626 1,668,990
223,586 36 192,152.95 197,554 59 224,552 207.502 182,557 223,127
21 1,494,096 1,496,781 1,496,903 1,343,476 1,486,103 1,499,832 1,602,429
199,745 33 200.104.37 200,120 78 179,609 198.543 200,512 200.859
22 1,173,379 1,386.689 1,606,492 1,096,260 1.333,742 1,496.679 1,617,636
156,868.85 185,239 13 201,268.94 146,557 178.308 199.957 202,679
26 1,680,887 1,671,713 1,668.269 1.689,862 1.668.382
1,648,841 1,682.678
211,348.54 210,122.05 208,324 70 212.548 209.677 207.064 211,588
30 1,917,702 1,867,628 3,386 1.876,907 2,404,618
39,810 860
256,377 21 249,669 56 452.62 250,923 321.460 5.322
114
0 0 0 0 0
0 0
0.00 0.00 0.00 0 0
0 0
32 6,184,267 4,742,992 3.039,262
6,161,600 6,122.461 3,314,936 2,608,204
693,083.81 634,089 87 406,318 48 690,040 684.620 443.173
335.321
33 2,216,064 69.327
2.864,267 3,076.384 34.999 98.383
392,809 75 296,130.27 7,931 48 382,922 411.281
4,679 13.153
34 379,021 274,249 32.842
463,190 338,706 36.390 0
50,671.20 36,664.30 4,390.69 60,587 45.282
4,865 0
42 1,694,342 1,686.861 1,617,263
1,682,112 1,606.468 1,626,816 1,497.061
213,147.32 212,013 53 202,842.71 211.512 214,633'IS A
204,120 200.142
WELL 4 4 4 4 3 3 3 4 4 4 4 3
NO. 22-Jul-04 23-Jul-04 24-Jul-04 25-Jul-04 26-Jul-04 27-Ju1-04 28-JUI-04 29 Jul-04 30-Jul 04 31-Jul-04 01 -Aug-04 02-Aug-04
1 1,094.210 1,094,218 1,094,218 1,094,218 1,026,068 1*26,068 1,026*68 1,071,000 1,071,000 1,071*00 1,071,000 1,063,667
146,285.76 148,285 76 146,285.76 146.285 76 137,039.88 137,039 88 137,039 88 143.181 82 143,181,82 143,181.82 143,181 82 140,851 16
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1*40,000 1,440,000 1*40,000 1,440*00 1*40,000 1,440,000 1,440*00
102,513.37 192,513 37 192,513.37 192.513.37 192,513.37 192,513.37 192,513 37 192,513 37 192,513 37 192,513 37 192,513 37 192,513 37
3A 1,797,476 1,797,476 1,797,476 1,797,476 1,692,033 1,692,033 1,692*33 1,803,726 1,803,726 1,803,726 1,803,726 1,769*63
240,304.14 240,304 14 240,304 14 240,304 14 226.207.66 226,207.66 226,207.66 241,139 71 241,139 71 241,139.71 241,139 71 236.559 27
38 2,664,000 2,664,000 2,664,000 2,664,000 2,827,423 2*27,423 2,827,423 3,021,168 3,021,168 3,021,168 3,021,168 2,987*33
354.812.83 354,812 83 354,812.83 354,812 83 377,997 77 377,997 77 377,997,77 403,898 06 403,898.06 403,898.06 403,898.06 399,336 01
10 1,664,760 1,664,760 1,664,760 1,664,760 1,667,667 1,667,667 1,667,667 1,666,260 1,666*60 1,666*60 1,666*60 1,641,000
222,560 16 222,560 16 222,560.16 222,560 16 208,244.21 208,24421 208,244 21 221,290 11 221,290 11 221,290.11 221,29011 219,385 03
19 1,671,600 1,671,600 1,671,600 1,671,600 1,667,493 1,667,493 1,667,493 1,660.680 1,660,680 1,660,680 1,660,680 1*16,797
210.093 58 210.093.58 210,093.58 210,093.58 221,590.02 221,590.02 221,590.02 222,016.04 222,016 04 222,01604 222,016.04 135,935.38
20 1,699,642 1,699,642 1,699,642 1,699,642 1,611,694 1,611,694 1,611,694 1,671,926 1,671,926 1,671,926 1,671,926 1,677,033
227.224 83 227,224 83 227.224.83 227,22483 215,45374 215.453 74 215,453 74 223,519 39 223,519 39 223,519 39 223,519.39 224,20232
21 1,610,960 1,610,960 1,610,960 1,610,960 1,411,200 1,411,200 1,411*00 1,496,616 1,496,616 1,496,616 1,496,616 1,480,913
201,998.66 201.998.66 201,998 66 201,998 66 188,663.10 188,663.10 188.663 10 199,948.56 199,948 56 199.948 56 199.948 56 197.983 02
22 910,000 910,000 910,000 910,000 1,403,667 1,403,667 1,403,667 1*13*69 1*13*60 1*13*60 1*13,260 486,000
121.657.75 121.657.75 121.657.75 121,657.75 187.655.97 187,655 97 187.655.97 162,199 20 162.199.20 162,199 20 162,199 20 64,973.26
26 1,646,947 1,646,947 1,646,947 1,646,947 1,672,326 1,672,326 1,672,326 1,663,600 1,663,600 1,663,600 1,663,600 1,679,633
206.677.44 206.677.44 206,677.44 206,677 44 210,203.88 210,203.88 210,203 88 207,700.53 207,700 53 207,700.53 207,700.53 224,54991
30 2,306,600 2,306,600 2,306.600 2,306,600 2,376,830 2,376,830 2,376,830 2.804,663 2,804,663 2,804,663 2,804,663 3 *64,667
308,355.65 308.355 65 308,35565 308,355 65 317,758 02 317,758.02 317,758 02 374,953,54 374,953 54 374,953.54 374,953.54 435,115.86
31 0 0 0 0 0 0 0 0 0 0 0 0
OOO 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 6,266,860 6,266.860 6,266,860 6,266.860 6,314,433 6,314,433 6,314,433 6*64,926 6,264,926 6*64,926 6*64,926 6*18*33
702,653 74 702,653 74 702,653 74 702,653 74 710,485.74 710,485.74 710,485.74 702,530.08 702,530.08 702,530.08 702,53008 697,624.78
33 3,660,900 3,680,900 3,680,900 3,680,900 3,141,200 3,141,200 3,141*00 4,667,276 4,667,276 4,667*76 4,667,276 3,666,807
492,098 93 492.098 93 492,098 93 492,098.93 419,946 52 419,946.52 419,946.52 610,598.26 610,59826 610,598 26 610,598 26 475,508 91
34 399,604 399,604 399,604 399,604 422.939 422,939 422,939 206,003 206,003 206*03 206,003 897,168
53,409 66 53,409 66 53,409.66 53.409.66 56,54269 56,542.69 56.542.69 27.54051 27,540.51 27,54051 27,540 51 119,942 29
42 1,638,600 1,638,600 1,638,600 1,638,600 1,621,900 1,621,900 1,621,900 1,636,600 1,636,600 1,636,600 1,636,600 1,626,367
205,681.82 205,681.82 205.681 82 205.681 82 216,831 55 216,831 55 216.831.55 218,796 79 218,796.70 218,796 79 218,796.79 217,428 70
2 5 7
WELL 3 3 4 4 4 4 3 3 3 4 4 4
NO. 03-Aug04 04-Aug 04 05-Aug-04 06-Aug-04 07-Aug-04 08-Aug-04 09-Aug-04 10-Aug-04 11-Aug-04 12-Aug-04 13-Aug-04 14-Aug-04
1 1,063,067 1,063,667 1,078,460 1,078.460 1,078,460 1,078,460 1,068,367 1,068,367 1,068,367 1,063,300 1,063,300 1,063,300
140,851.16 140,851.16 144,177 81 144,177.81 144.177.81 144,177.81 142,829.77 142,829.77 142,829 77 140,815 51 140,815 51 140,815 51
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440.000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000
192,513.37 102,513.37 192,513.37 192,513 37 192,513 37 182,513 37 192.513 37 192,513 37 192.513.37 192.513.37 192.513.37 192.513.37
3A 1,769,463 1,769,463 1,837.646 1,837,646 1,837,646 1,837,646 1,739,188 1,739,188 1,739,188 1,846,416 1,846,416 1,846,416
236,559.27 236,55927 245.661.10 245.661.10 245,661.10 245,661.10 232,511 81 232.511 81 232.511 81 246,713.40 246,713.40 246.713 40
38 2,987,033 2,987,033 3,090,076 3,090,076 3,090,076 3,090,076 2,987,033 2,907,033 2,987,033 3,240,776 3,240,776 3,240,776
399,336.01 399,336.01 413,111 63 413,111.63 413,111.63 413.111 63 399,336.01 399,336 01 399.336.01 433,258 69 433,258.69 433,25869
10 1,641,000 1,641,000 1,692,000 1,692,000 1,692,000 1,692,000 1,681,000 1,681,000 1,681,000 1,706,760 1,706,760 1,706,760
219,385.03 219,385 03 226,203 21 226,203.21 226,203 21 226.203.21 211,363.64 211,363.64 211.363 64 228,175.13 228,175.13 228,175 13
19 1,016,797 1,016,797 422.066 422,066 422,066 422,066 2,226 2,226 2,226 1,276,203 1,276,203 1,276,203
135.935.38 135,935.38 56,424 60 56,424.60 56,424 60 56,424.60 297.46 297.46 297.46 170,615 34 170,615.34 170,615 34
20 1,677,033 1,677,033 1,676,876 1,676,876 1,676,876 1,676,876 1,644,894 1,644,894 1,644,894 1,662,879 1,662,879 1,662,879
224.202.32 224,202 32 224,047 46 224,047.46 224.047.46 224,047.46 219,905.66 219,905 66 219,905.66 220.973 16 220,973.16 220,973 16
21 1,480,913 1,480,913 1.632,638 1,632,638 1,632,638 1,632,638 1,407,417 1,407,417 1,407,417 1,666,293 1,666,293 1,666,293
197,983.02 197,983.02 204,898 06 204,898 06 204,898 06 204,898 06 188,157.31 188,157 31 188,157 31 207,926 80 207.928 80 207,926 80
22 486,000 486,000 1,621,000 1,621,000 1,621,000 1,621,000 1,460,000 1,460,000 1,460,000 1,464,600 1,464,600 1,464,600
64,97326 64,973.26 203,342.25 203.342 25 203,34225 203,342 25 195,187 17 195,187.17 195.187 17 195.788 77 195,788.77 195,788 77
26 1,679,633 1,679,633 1,608,100 1,608,100 1,608,100 1,608,100 1,636,267 1,636,267 1,636,267 1,606,200 1,606,200 1,606,200
224,549.91 224,549.91 201,617.65 201,617 65 201,617 65 201,617.65 218,618 54 218,618.54 218 ,618 54 201,229 95 201,229.95 201,229.95
30 3264,667 3264,667 2,602,026 2,602,026 2,602,026 2,602,026 3,932,167 3,932,167 3,932,167 3,264,100 3,264,100 3,264,100
435,115 86 435,115.86 347.864.30 347,864.30 347,864 30 347,864 30 525,690.73 525.690 73 525,690.73 435,040.11 435,040.11 435,040.11
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0 00 0.00 0.00 0 00 0 00 0 00 0.00
32 6218,233 6,218233 6,136,600 6,136,600 6,136,600 6,136,600 6,329,233 6,329,233 6,329,233 6,328,000 6,328,000 6,328,000
697.624.78 697,624.78 686,577.54 686,577.54 686,577.54 686,577 54 712,464 35 712,464 35 712,464 35 712,299.47 712,299 47 712,299 47
33 3,666,807 3,666,807 2,094,670 2,094,670 2,094,670 2,094,670 3,800,200 3,800.200 3,800,200 6,206,860 6,206,860 6,206,860
475.508 91 475.508.91 280.022.73 280,022 73 280,02273 280,022 73 508,048 13 508,048.13 508,048 13 696,102.94 696,102 94 696,102 94
34 897,168 897,168 209,649 209,649 209,649 209,649 462,648 462.648 462,648 867 867 867
119.94229 119,942.29 28,014.54 28,014.54 28.014 54 28,014 54 60.514 44 60,514.44 60,514.44 115 88 115.88 11588
42 1,626,367 1,626,367 1,670,600 1,670,600 1,670,600 1,670,600 1,730.367 1,730,367 1,730,367 1,627,060 1,627,060 1,627,060
217,428.70 217,428 70 209,959 89 209,959 89 209,959 89 209,959 89 231,332 44 231,332.44 231,332 44 217,52005 217.520.05 217,520 05
2 5 8
WELL 4 3 3 3 4 4 4 4 3 3 3 4
NO. 15 Aug-04 16-Aug 04 17-Aug 04 18-Aug-04 19-Aug 04 20-Aug-04 21-Aug-04 22 Aug-04 23-Aug-04 24-Aug-04 2S-Aug-04 26-Aug-04
1 1,093,300 1,049,169 1,049,169 1,049,169 1,071,198 1,071,198 1,071,198 1,071,198 1,067,068 1,067,068 1,067,068 1,071,706
140.815.51 140,263.28 140,263.28 140.263.28 143,208.29 143.208,29 143.208.29 143,208.29 141,317.96 141.317.96 141,317 96 143,276.24
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000
192,513,37 192,513.37 192,513.37 192.513.37 192,513.37 192,513.37 192,513 37 192,513.37 192.513.37 192,513 37 192,513.37 192.513.37
3A 1,846,416 1,621,027 1,621,027 1,621,027 1,796,066 1,796,066 1,796,066 1,796,066 1,767,333 1,767,333 1,767,333 1,018,260
246,713.40 216.714,80 216.714 80 216.714 80 239.980.61 239,980.61 239.980.61 239.980.61 234,937.57 234,937 57 234,937.57 243,061 58
38 3,240,776 2,576,133 2,676,133 2,676,133 2,462,776 2,462,776 2,462,776 2,462,776 1,170,440 1,170,440 1,170,440 1,176,270
433.258 69 344,269 16 344,269.16 344,269.16 327,911.10 327.911 10 327,911 10 327,911.10 156,475.94 156.475.94 156.475.94 157,121 66
10 1,706,760 1,436,667 1,436,667 1,436,667 1,628,260 1,628,260 1,628,260 1,628,260 1,639,000 1,639,000 1,639,000 1,619,760
228.175 13 191,934 OS 191,934.05 191,934 05 217,680 48 217.680.48 217,680 48 217.680 48 219.117.65 219,117.65 219,117.65 216.544 12
19 1,276,203 1,689,667 1,689,667 1,689,667 1,600,705 1,600,706 1,600,706 1,600,706 1,402,127 1,402,127 1,402,127 1,231,360
170.615 34 212,522 28 212.522.28 212.52228 213.997 99 213,997.99 213.997 99 213,997.90 187,450.09 187.450 09 187,450.09 164,618 98
20 1,662,879 1,474,767 1,474,767 1,474.767 1,431,660 1,431,660 1,431,660 1,431,660 731,033 731,033 731,033 989,976
220,973,16 197,161 32 197.161.32 197,161.32 191,383 69 191.383,69 191.383 69 191,383 69 97,731.73 97,731 73 97,731 73 132,349 60
21 1,666,293 1,448,677 1,448,677 1,448,677 1,491,760 1,491,760 1,491,760 1,491,760 1,490,867 1,490,867 1,490,867 1,617,176
207.926.80 193,659.98 193,659.98 193,659 98 199,431 82 199,431 82 199,431 82 199.431 82 199,313 73 199,31373 199,313 73 202,830.88
22 1,464,600 1,474,000 1,474,000 1,474,000 1,639,000 1,639,000 1,639,000 1,639,000 1,607,000 1,607,000 1,607,000 1,444,760
195,788.77 197,058 82 197.058 82 197,058 82 205.748 66 205,74866 205.748.66 205,748 66 201.470 59 201.470 59 201.470 59 193,148.40
2« 1,606,200 1,686.067 1,686,067 1,686,067 1,666,626 1,666,626 1,666,626 1,666,626 1,662,167 1,662,167 1,662,167 1,669,300
201,229.95 212,041.00 212.041.00 212.041 00 209,294 79 209.294 79 209,294.79 209.294 79 208,845.81 208,845.81 208.845.81 209,799.47
30 3,264,100 1,793,100 1,793,100 1,793,100 787,444 787,444 787.444 787,444 186,196 186,196 166,196 226,136
435.040 11 239,719 25 239,719 25 239,71925 105,273 30 105,273 30 105.273 30 105,273.30 24.758.82 24,758.82 24.758 82 30,232.05
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00
32 6,328,000 6,130.667 6.130,667 6,130,667 6,131,900 6,131,900 6,131,900 6,131,900 3,680,367 3.680,367 3,680,367 3,640.900
712.299 47 685,918.00 685.918 00 685.918 00 686,082 89 686,082 89 686.082.89 686.082 89 478,658.65 478,656.65 478,658.65 473,382 35
33 6,206,860 2,931,398 2,931,398 2,931,398 980,860 980,860 980,860 980.860 0 0 0 0
696,102.94 391.898.17 391.898 17 391,898 17 131.12968 131,129.68 131.129.68 131.129.68 0.00 0.00 0 00 0.00
34 867 387,761 387,761 387,761 361,027 361,027 361,027 361.027 264,623 264,623 264,623 0
115.88 51.839 66 51,839.66 51,839.66 48,26561 48,265.61 48.26561 48.265.61 34,027 14 34.027.14 34,027 14 0.00
42 1,627,060 1,646,133 1,646,133 1,646,133 1,667,960 1,667,960 1,667,960 1,667,960 1,644,000 1,644,000 1,644,000 1,661,826
217.520.05 206.702.32 206,702 32 206,702.32 208.28209 208,282.09 208.282.09 208,282.09 206.417.11 206,417 11 206,417 11 207.463.24
2 5 9
WELL 4 4 4 3 3 3 5 5 5 5 5 2
NO. 27-AU0-04 28-Aug-04 29-Aug-04 30-Aug-04 31-Aug-04 01-Sep-04 02-Sep-04 03-Sep-04 04-Sep-04 05-Sep-04 06 Sep 04 07-Sep 04
1 1,071,706 1,071,706 1,071,706 1,068,223 1,068,223 1,068,223 1,069,966 1,069,966 1,069,966 1,069,966 1,069,966 1,110,860
143,27624 143,276 24 143,276.24 142,810 61 142,810.61 142,810 61 143,043 58 143.043.58 143,043 58 143,043.58 143,043 58 148,509,36
2 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000 1.440,000 1,440,000 1,440,000 1,440,000 1,440,000 1,440,000
102.513 37 192,513 37 192,513.37 192,513.37 192,513 37 192,513.37 192,513.37 192,513 37 192.513 37 102,513 37 192,513 37 192,513 37
3A 1,018,260 1,818,260 1,818,260 1.810,289 1,810,289 1,810,280 1,746,046 1,746,046 1,746,046 1,746,046 1,746,046 1,812,460
243,081 58 243,081.58 243,081.58 242,017 29 242,017 29 242,017.29 233,294 97 233,294 97 233,294 97 233,294 97 233,294 97 242.306 15
3B 1,176,270 1,176,270 1,176,270 1,269,842 1,260,842 1,269,842 871,276 871,276 871,276 871,276 871,276 1,436,246
157,121 66 157,121.66 157,121.66 169,764.97 169,764 97 169,764 97 116,480 59 116,480.59 116,480 59 116,480 59 116,480 59 191.877.67
10 1,610,760 1,610,760 1,619,760 704,000 704,000 704,000 1,604,600 1,604,600 1,604,600 1,604,600 1,604,600 1,664,600
216,544 12 216,544 12 216.544 12 94,117.65 94,117.65 94,117 65 214,51872 214,518.72 214,518 72 214,51872 214,51872 221,189 84
10 1,231,360 1,231,360 1,231,360 1,646,812 1,646,812 1.646.812 1,616,733 1,616,733 1,616,733 1,616.733 1,616,733 1,643,161
164,618.98 164,618 98 164,618.98 206,793.05 206,793.05 206,793.05 216,140.75 216,140.75 216,140.75 216,14075 216,140 75 206,303.54
20 080,076 089,076 989,076 1,660,100 1,660,100 1,660,100 1,070,340 1,070,340 1,070,340 1,070,340 1,070,340 1,613,400
132,349.60 132,349.60 132,349.60 220,601.60 220,601.60 220,601 60 143,093.58 143,093.58 143,093.58 143,093.58 143,093.58 202,326.20
21 1,617,176 1,617,176 1,617,176 1,616,023 1,616,923 1,616,923 1,466,446 1,466,446 1,466,446 1,466,446 1,466,448 1,606,860
202,830.88 202,830 88 202,830.88 202,797.24 202,797.24 202,797.24 194,712.03 194,712.03 194,712.03 194,712.03 194,712.03 201,31684
22 1.444,760 1,444.760 1,444,760 1,641,000 1,641,000 1,641,000 1,464,000 1,464,000 1,464,000 1,464,000 1,464,000 1,620,600
193,148.40 193,148.40 193,148.40 206,016.04 206,016.04 206,016.04 195,721 93 195,721 93 195,721 93 195,721.93 195,721.93 203.275.40
26 1,660,300 1,669,300 1,669,300 1,693,800 1,693,800 1,693,800 1,669,760 1,669,760 1,669.760 1,669,760 1,669,760 1.622,700
209,799 47 209,799.47 209,799.47 213,074.87 213,074.87 213,07487 208.524 06 208,524 06 208,524.06 208,524.06 208,52406 216,938.50
30 226,136 226,136 226,136 67,269 67,269 67J69 0 0 0 0 0 3.683
30,232.05 30,232 05 30,232.05 7,654 95 7,654.95 7,654.95 0.00 0.00 0.00 0.00 0.00 492.31
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 ooo 0.00 0.00
32 3,640,000 3,640,000 3,640,900 3,728,367 3,728,367 3,728,367 3,611,200 3,611,200 3,611,200 3,611,200 3,611,200 4,166,960
473,382.35 473,382 35 473,382 35 498,444.74 498,444.74 498,444.74 482,780.75 482,780.75 482,780.75 482.780.75 482.780 75 555,741 98
33 0 0 0 62.669 62,669 62,669 4,782 4,782 4,782 4,782 4,782 172,806
0.00 0.00 0.00 7,026 56 7,026.56 7,026.56 639.28 639.28 639.28 639 28 639 28 23.102.21
34 0 0 0 16,823 16,823 16,823 63,223 63,223 63,223 63,223 63,223 96,901
0.00 0 00 0.00 2,24902 2,249.02 2.249.02 8,452 22 8,45222 8,452.22 8,452.22 8,452.22 12,954.68
42 1,661,026 1,661,826 1,661,826 1,477,698 1,477,698 1,477,698 1,667,661 1,667,661 1,667,661 1,667,661 1,667,661 1,471,266
207.463.24 207,463.24 207,463.24 197,539 88 197,539.88 197,539 88 208,230.08 208,230 08 208,230.08 208,230 08 206,230 08 196,693 18
2 6 0
WELL 2 4 4 4 4 3 3 3 4 4 4 4
NO. 08-Sep-04 09-Sep-04 10-Sep-04 11-Sep-04 12-Sep-04 13-Sep-04 14-Sep-04 15-Sep-04 16-Sep-04 17-Sep-04 18-Sop-04 19-Sep-04
1 1,110,860 1,063,846 1,063,846 1,063,846 1,063,846 124,769 124,769 124,769 0 0 0 0
148,508 36 142,225 27 142,225.27 142,225.27 142,225.27 16.679.06 16,679.06 16.679.06 0 00 0 00 0.00 0 00
2 1,440,000 0 0 0 0 0 0 0 0 0 0 0
192.513.37 0 00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0 00
3A 1,812,460 1,774,946 1,774,946 1,774,946 1,774,946 1,800,873 1,800,873 1,800,873 1,797,626 1,797,626 1,797,626 1,797,626
242,306.15 237,292.11 237,282.11 237,292.11 237,282 11 240,758 47 240,758 47 240.75847 240.310 83 240,310.83 240,310 83 240.310 83
3B 1,436,246 860,433 860,433 860,433 860,433 4,913 4.913 4,913 830,280 830,280 830,280 830.280
191,877.67 115,031 08 115,031.08 115,031.08 115,031 08 656 82 656.82 656.82 111.000.03 111,000.03 111,000.03 111,000 03
10 1,664,600 1,100,000 1,100,000 1,100,000 1,100,000 2,318,333 2,318,333 2,318,333 424,260 424,260 424,260 424,260
221.188 84 147,058 82 147.058.62 147,058.82 147 ,058 82 309,937.61 309,637.61 309,937.61 56.717.91 56.717.91 56.717.91 56.717.91
19 1,643,161 1,320,733 1,320,733 1,320,733 1,320,733 2,004,689 2,004,689 2,004,689 1,681,130 1,681,130 1,681,130 1,681,130
206,303.54 176,568.58 176,568 58 176,568.58 176,568.58 268,006 55 268,006.55 268,006 55 211,381.02 211,381.02 211,381.02 211,381,02
20 1,613,400 1.074,376 1,074,376 1,074,376 1,074,376 1,697,767 1,697,767 1,697,767 1,683,100 1,683,100 1,683,100 1,683,100
202,326.20 143,633.02 143,633 02 143,633.02 143.633 02 213.605 17 213,605.17 213,605.17 225,013.37 225,013.37 225,013 37 225,013.37
21 1,606,860 1,607,869 1,607,869 1,607,869 1,607,869 1,163,428 1,163,428 1,163,428 1,760.860 1,760.860 1,760.860 1,760,860
201,316 84 201.586 73 201,586 73 201,586 73 201.586 73 155,538 55 155,538.55 155,536 55 234,072.19 234,072 19 234,072 19 234,072 19
22 1,620,600 1,499,260 1,499,260 1,499,260 1,499,260 1,498,000 1,498,000 1,498,000 1,623,000 1,623,000 1,623,000 1,623,000
203.275.40 200,434 49 200,434 49 200,434.48 200,434 49 200.267.38 200,267 38 200.267.38 203.609 63 203,609 63 203,609 63 203,609 63
26 1,622,700 1,643,276 1,643,276 1,643,276 1,643,276 1,660,933 1,660,933 1,660,933 1,682,926 1,682,926 1,682,926 1,682.926
216,838.50 206,320 19 206,320 19 206,320.19 206,320.19 208,680.93 208,680 93 208,680 93 211,620.99 211,620 99 211,620 99 211,620 99
30 3,683 0 0 0 0 7,466 7,466 7,466 0 0 0 0
492.31 0 00 0.00 0.00 0.00 996.66 996.66 996.66 0.00 0.00 0 00 0 00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00
32 4,166,960 3,866,600 3,866,600 3,866,600 3,866,600 2,776,233 2,776,233 2,776,233 2,460,326 2,460,326 2,460,326 2,460,326
555,741.98 516.911 76 516,911.76 516,911.76 516,911.76 371,154.19 371,154 19 371,154 19 327,583 56 327.583 56 327,583 56 327,583 56
33 172,805 6,463 6,463 6,463 6,463 27,996 27,99$ 27,996 0 0 0 0
23,102.21 862 67 862.67 862.67 862.67 3,742.65 3,742.65 3,742 65 0 00 0.00 0.00 0.00
34 96,901 8,437 8,437 8,437 8,437 141,696 141,696 141,696 0 0 0 0
12,954 68 1,127.94 1,127.94 1.127.94 1,127.94 18.929.81 18.929.81 18,929 81 0 00 0.00 0.00 0.00
42 1.471,266 1,619,217 1,619,217 1,619,217 1,619,217 1,463,400 1,463,400 1,463,400 1,499,476 1,499,476 1,499,476 1,499,476
196,693 18 216 .472 89 216,472.89 216,472 89 216,47289 194.304.86 194,304.86 194,304 86 200.464 54 200.464 54 200.464.54 200.464 54
2 6 1
WELL 3 3 3 4 4 4 4 3 3 3 4
NO. 20-Sep-04 21-Sep-04 22-Sep-04 23-Sep 04 24-Sep-04 25-Sep-04 26-Sep-04 27 Sep-04 28-Sep-04 29-Sep-04 30-Sep-04
1 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0 00 0 00 0 00 0 00 0.00 0.00
2 0 0 0 0 0 0 0 0 0 0 0
0 00 0 00 0 00 0.00 0 00 0.00 0.00 0.00 0 00 0 00 0.00
3A 1,«38,067 1,836,067 1,836,067 1,768,683 1,768,683 1,768,683 1,768,683 1,806,767 1,806,767 1,806,767 1,786,808
245,328.43 245.32843 245,328 43 236.454.88 236.454 88 236,454 88 236,454 88 241.546.35 241,546.35 241,546.35 238,744.32
38 86.B40 86,840 86,840 211,438 211,438 211,438 211,438 644,647 644,647 644,647 723,328
11.475.94 11,475 94 11,475.94 28,267.05 28,267.05 28,267.05 28,267.05 72,813.73 72,813.73 72,813 73 96,701.54
10 333 333 333 0 0 0 0 0 0 0 0
44 56 44 56 44 56 0 00 0.00 0.00 0.00 0.00 0 DO 0 00 0 00
19 1,602,293 1,602,293 1,602,293 1,627,660 1,627,660 1,627,660 1,627,660 1,631,287 1,631,287 1.631,287 1,683,430
214.210.34 214,210 34 214.210 34 204.218 25 204,219 25 204,219.25 204,219.25 218,086 45 218.086 45 218.086.45 211.688.50
20 1,707,606 1,707,606 1,707,606 1,673,701 1,673,701 1,673,701 1,673,701 1,670.260 1,670,260 1,670,260 1,661,060
228,289 53 228,289.53 228,289.53 223,756 75 223,756 75 223,756.75 223,756 75 223,296.84 223,296.84 223,296 84 220,728,61
21 1,618,900 1,618,900 1,618,900 1,497,360 1,497,360 1,497,360 1,497,360 1,606,667 1,606,667 1,606,667 1,608,260
203,061.50 203.061 SO 203,061.50 200.180.48 200,180,48 200,180.48 200,180.48 201,278.97 201,276.97 201,278.97 201,637.70
22 1,611,000 1,611,000 1,611,000 1,624,000 1.624,000 1,624,000 1,624,000 1,608,333 1.608,333 1,608.333 1,626,760
202,005.35 202,005.35 202.005 35 203.743.32 203,743 32 203,743,32 203,743 32 201,648.84 201,648.84 201,646.84 203,977.27
2S 1,369,049 1,369,049 1,369,049 1,766,671 1,766,671 1,766,671 1,766,671 1,409,022 1,409,022 1,409,022 1,661,963
181.691.09 181,691.09 181.691.09 236,172,63 236,172.63 236,172.63 236,172.63 188,371 97 188,371.97 188.371 97 207.481.65
30 2,876 2,876 2,876 0 0 0 0 1,983 1,983 1,983 0
384.54 384.54 384.54 0.00 0 00 0.00 0.00 265.15 265.15 265.15 0 00
31 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 00 0 0.00 0.00 0.00 0.00 0.00 0.00
32 2,601.200 2,601,200 2,601,200 2,422,676 2,422,676 2,422,676 2,422,676 2,669,067 2,669,067 2,669,067 2,312,600
334,385 03 334,385.03 334,385 03 323,873.66 323,873.66 323,87366 323.873.66 355,490.20 355.490.20 355.490.20 309.157 75
33 114,323 114,323 114,323 216,301 216,301 216,301 216,301 13,269 13,269 13,269 0
15,28387 15,283.87 15,283 87 28,917.28 28,917.28 28.917.28 28,917.28 1.772.55 1.772.55 1.772 55 000
34 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00 00 0 0 00
42 1,616,164 1,616,164 1,616,164 1,460,110 1,460,110 1,460,110 1,460,110 1,642,600 1,642,600 1,642,600 1,601,600
202.56070 202,560 70 202.560 70 193,864.94 193,864.94 193,864 94 193,864.94 206.216 58 206,216 58 206,216 58 200.748.66
2 6 2
CALCULATED '  DAILY USAGE 
WELL DAYS BETWEEN READS 
WO. LOCATION
8. Gth W.
01 Ocl-04
BOLD IS GALLONS
4 4
02.Oct-04 03-0ct-04
FINE IS CUBIC FEET
3 3
04-0ct-04 05 Oct 04 07-0ct-04 08-0ct-04
0
0.00
0
0.00
0
0.00
0
0.00
0
0 . 0 0
0
0.00
0
0.00
0
0 00
0
0 00
0
0.00
0
0.00
0
0.00
0
0.00
0
0 . 0 0
0
0.00
0
0.00
0
0.00
0
0 00
SOUTH AVE. 100 hp 1,786,80»
236.744.32
1,766,808
238.744 32
1,786,808
238,744 32
1,782,867
238,351.16
1,782,867
238,351.16
1,782,867
238,351.16
1,823,368
243,765.71
1,823,368
243,765.71
1,823,368
243,765 71
SOUTH AVE. 200 hp 723,328
96.701.54
723,328
96.701.54
723,328 
96,701.54
226,633
30,285.20
226.633
30,285.20
226,633
30,285.20
264,726
35,391.01
264,726
35.391,01
264,726
35,391.01
0
0.00
0
0 00
0
0 00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
N.RUSSELL 1,683,430
211,688 50
1,683,430
211,688 50
1,683,430
211,688 SO
1,677,140
210.847 59
1,677,140
210,847.59
1,677,140
210,847.59
1,696,363
226,785 09
1,696,363
226.785.09
1,696,363
226,785.09
1,661,060
220.728.61
1,661,060
220.72861
1,661,060
220,728 61
1,697,604
226.938 99
1,697,604
226,938 99
1,697,604
226,938 99
1,671,397
223,448.83
1,671,397 
223.448 83
1,671,397
223.448 83
E. CENTRAL 1,608,260
201,637 70
1,608,260
201.637 70
1,608,260 
201,637 70
1,482,767
198.230.84
1,482,767
198,230 84
1,482,767 
198.230 84
1,622,376
203.526 07
1,622,376
203,526.07
1,622,376
203,526 07
INTERMOUNTAIN 1,626,760
203,977 27
1,626,760
203,977.27
1,626,760
203,977 27
1,612,333
202.183 60
1,612,333
202.183.60
1,612,333
202.183.60
1,630,760
204,645.72
1,630,760
204,645.72
1,630,760
204,645.72
BENTON ST. 1,661,963 
207,481 65
1,661,963
207.481.65
1,661,963
207,481.65
1,614,896
215.895 10
1,614,896
215.895 10
1,614,896
215,895 10
1,666,816
209.467 35
1,666,816
209.467.35
1,666,816
209,467.35
BANK ST. 0
0.00
0
0.00
0
0.00
446,669
59,581 46
446,669
59.581.46
446,669
59.581 46
171
22 83
171
22.83
171
22.83
KIWANIS ST. 0
0.00
0
0.00
0
0.00
0
000
0
0.00
0
0.00
0
0.00
0
0.00
0
0 00
ARTHUR AVE. 2,312,600
309.157.75
2,312,600
309.157.75
2,312,600
309.157,75
2,066,467
274,79501
2,066,467
274.795.01
2,066,467
274.795.01
2,264,626
302,757.35
2,264,626
302.757.35
2,264,626
302.757 35
GERALD AVE. 0
0.00
0
0 00
0
0.00
489,426
65.431.11
489,426
65,431.11
489,426
65,431.11
620
69.45
620
69.45
620
69.45
MAURICE AVE. 0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
M.W.W. #2 WEST 1,601,600
200.748.66
1.601,600
200,748 66
1,601,600
200.748 66
1,490,713
199.293.23
1,490,713
199.293.23
1,490,713
199.293 23
1,484,116
198.411 10
1,484,116
198.411 10
1,484,116
198,411 10
MONTHLY
TOTALS
MONTHLY
TOTALS
MONTHLY
TOTALS
0.00
0.00 0.00 00 0 0 00 000 0 00 0 00
SOUTH AVE. 100 hp 66,764,293 62.106,367 66,217,219 1,661,694 1,669,308 1,676,828 1,864,100 1,866,431 1,849,460
7,453.782.42 6,966.090 46 7,381,981 13 222.151 56 223.169 56 224.174 91 248.052 32
SOUTH AVE. 200 hp 23,977,083 12,111,466 226,633 1,981,379 1,393,636
3.205,492,31 1,619.178.43 30.285.20 0.00 186.314.95
2,000
267.38 0.00 0.00 0.00 0.00 0.00 0.00
N. RUSSELL 49,026,870 48,211,246 49,689,133 1,368,092 1,468,080 1,666,762 1,696,363 1,666,908 1,662,911
6,554.394.39 6,445.353.57 6,642,932 20 182.899 96 194,930.48 207,988 19 226.785 09 222.848 60
E. CENTRAL
61,949,660 37,477,900 26,438,661 1.606,700 860,670 662,781 1,736,100 1,004.914
6,945,127 01 5,010.414.44 3,534,580 28 214.799 47 115,049 47 88,607.09 231,965.24 231.507.00 134,346 83
46,742,660 44,209,461 46.660,149 1,417,420 1,203,691 1,474,426 1,668,628 1.671,991 1,653,900
6,249.017 38 5,910,354 46 6,224.618 81 189.494 70 160,921 26 197.115 73 208.372 66 210,159 18 207,740 64
INTERMOUNTAIN 47,146,260 33.224,667 47,009,333 1,483,000 3,400 1,483,000 1,673,000 1,616,760 1,648,667
6,302,840 91 4,441,800.36 6.284.67023 198.262.03 454 55 198.262.03 202.640 37
BENTON ST.
BANK ST.
48,899,237 47,378,200 49,433,693 1,661,963 1.610,110 1,628,704 1,614,896 1,668,600 1,670,806
6.537,331 18 6.333,983 96 6,608.782 49 207.481.65 201.886 36 204.372 13 215,895 10 221.737 97 223.369 62
1,346.298 2,207.370 446,669 316,339
179,986 36 295,102 94 59.581 46 42,157 56
KIWANIS ST.
0.00 0.00 0 00 0 00 0.00
ARTHUR AVE. 74,706,100 80,676,400 80,861,942 1,966,333 2,468,162 2,877,430
2,829,396
9,987.446 52 10,772.112.30 10,810,420 OS 261.408 20 303.262 17 384.683 12
GERALD AVE. 2,706,647 12.769 489,426 2.642
361,717.51 1.707.09 0 00
MAURICE AVE. 67,147 46,436 12,923
4,669
7,639.97 6.207 89 4,359.76 0.00 0 00 1.727 67 622 82
M.W.W. #2 WEST 46,727,877 47,033,963 48,842,641 1.449,733 1,438,680 1,281,743 1,671,086
1,617,132 2,286,900
6.247.042.36 6,287,961 63 6,529,751 40
263
193,814 62 192.323 S3 171.356 00 210,038 07 216.194 08
WELL 4 3 3 3 4 4 4 4 3 3 3 4
NO. 1 D-Oct-04 11 -Ocl-04 12-Oct 04 13-Oct-04 14-Oct-04 15-Ocl-04 16-Oct-04 17-Oct-04 18-Oct-04 19-Oct-04 20-OC1-04 21-Oct-04
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0.00 0.00 060 0.00 0.00 0.00 0.00
2 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 00 0 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0 00
3A 1323,368 1,766,041 1,766,041 1,766,041 1,826,820 1,826,820 1,826.820 1,826,820 1,810,767 1,810,767 1,810,767 1,829,666
243,765.71 235,968.00 235,968.00 235.968.00 244,227 21 244,227.21 244.227.21 244,227 21 242,081.11 242,081 11 242,081 11 244.606.25
3B 264,726 1,981,379 1,981.379 1,981,379 883,667 883,667 883,667 883,667 612,666 612,666 612,666 644,464
35.391 01 264,890.24 264,890.24 264,890.24 118,123.86 118,123 86 118,123 86 118,123 86 81,893.85 81,893 85 81.893 85 72,787 93
10 0 0 0 0 0 0 0 0 0 0 0 600
00 0 0.00 0.00 0 00 0.00 0.00 0 00 0 00 0.00 0.00 0 00 66.84
19 1,696,363 1,368,092 1,368,092 1,368,092 1,643,683 1,643,683 1,643,683 1,643,683 1,668,381 1,668,381 1,668,381 1.619,760
226.785.09 182.899.96 182,899.96 182,899 96 206,361.40 206,361,40 206,361.40 206.361.40 209,676.56 209,676 56 209,676.56 216,544 08
20 1,671,397 1,736,100 1,736,100 1,736,100 1,606,700 1,606,700 1,606,700 1,606,700 1,694,767 1,694,767 1,694,767 1,668,376
223.448 63 231.965.24 231,965 24 231,965 24 214,799.47 214,799.47 214.799.47 214.799.47 226,573.08 226,573 08 226,573.08 223,044 79
21 1,622,376 1,476,067 1,476,067 1,476,067 1,627,300 1,627,300 1,627.300 1,627,300 1,612,663 1,612,663 1,612,663 1,629,667
203.526.07 197.335.12 197,335.12 197,335 12 204,184.49 204,184.49 204,184 49 204,184.49 202,213.01 202,213.01 202,21301 204,487.60
22 1,630,760 1,613.333 1,613,333 1,613,333 1,636,000 1,636,000 1,636,000 1,636,000 1,614,667 1,614,667 1,614,667 1,673,000
204,645.72 202.317 29 202,317.29 202,317 29 205,213 90 205,213.90 205,213.90 205,213 90 202,495.54 202,495 54 202,495 54 210,294.12
29 1.666,616 1,672,600 1,672,600 1,672,600 1,678,900 1,678,900 1,678,900 1,678,900 1,663,633 1,663,633 1,663,633 1,881,900
209.467 35 210,227 27 210,227.27 210,227.27 211,082.89 211,082 89 211,082 89 211,082 89 209,028 52 209,028 52 209,028 52 211,483.96
30 171 2,869 2,869 2.869 0 0 0 0 0 0 0 0
2283 383 56 383 56 383.56 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0 00 0 00 0.00 0.00 0.00 0 DO 0.00 0.00 0.00
32 2364,626 1,966.333 1,966,333 1,966,333 2,041,960 2,041,960 2,041,960 2,041,960 2,626,333 2,626,333 2,626,333 2,877,430
302.757.35 261.408 20 261,408 20 261,408 20 272,987.97 272,987 97 272,987 97 272,987 97 350,980.39 350,980 39 350,980.39 384.663 12
33 620 366,772 366,772 366,772 31,886 31,886 31,886 31,886 2,478 2,478 2,478 0
69 45 49,033 73 49,033 73 49,033 73 4.26287 4,262 87 4,262 87 4,262 87 331 24 331.24 331.24 0 00
34 0 0 0 0 0 0 0 0 19,049 19,049 19,049 0
0 00 00 0 000 0.00 00 0 00 0 0.00 0 00 2,546 66 2,546 66 2,546 66 0 00
42 1,484,116 1,449,733 1,449,733 1,449,733 1,466,600 1,466,600 1,466,600 1,466,600 1,474,633 1,474,633 1,474,633 1,671,086
198,411.10 193,814.62 193,814.62 193,814.62 195,922.46 195,922.46 195,922.46 195,922.46 197,130 12 197,130 12 197,130.12 210,038,07
AVQ DAY AVG DAY AVG DAY AVG DAY AVQ DAY AVQ DAY AVG DAY
Oct-04 NoV'04 Dac-04 10/1-10/12 10/13-11/10 11/11-12/8 12/9-12/31
1 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0 0.00 0
2 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0 0 00 0
3A 1,798,626 1,736,879 1,781,201 1,794,131 1,787,669 1737130.306 1,786,628
240,444 59 232.203 02 238.12842 239,857 11 238,978 232,236 67 238.720
38 773,464 403,716 26 666,937 693,600 289417.7214 0
103,402 68 53.972.61 34 4 87,692 06 92,727 38,692.21 0
10 66 0 0 0 69 0 0
8 63 0 00 0.00 0.00 9 0,00 0
19 1,681,612 1,607,041 1,602.876 1,683,609 1,689,182 1607696.296 1,601,087
211.432 06 214,845.12 214,288 14 211.712.38 212,458 214,919 16 214,049
20 1,676,792 1,249,263 862,860 1,683,464 1,670,002 1102922.29 837,077
224,036 36 167,013.81 114,016.72 225.060.72 209,893 147,449.50 111,909
21 1,607,827 1,473,648 1,601,940 1.601,224 1,607,309 1472967.143 1,601,861
201.581.21 197.011.62 200,794.16 200,698 34 201,512 196,919.40 200,784
22 1,620.816 1,107,489 1,616,430 1,621,993 1,417,749 1183909 184 1,616,267
203,317.45 148,060.01 202,731.30 203,475.01 189,539 158,276 63 202,576
26 1,677,396 1,679,273 1,694,636 1,676,070 1,681,443 1680769.692 1,694,672
210.881.65 211,132 80 213,186 53 210,704.51 211,423 211,331 50 213.178
30 43,429 0 71,206 111,962 99 0
96,973
5,806.01 0.00 9,519.45 14,966.90 13 0.00 12.831
31 0 0 0 0 0
0 0
0 00 0 00 0.00 0.00 0 0.00 0
32 2,409,874 2,686.847 2,608,460 2,172,766 2,607,944
2682793.168 2,679,208
322,17569 359.070.41 348.723 23 290,475.34 348,656 358.662.19 344.814
33 87.279 426 0 183,668
17,608 138.4 0
11,668 31 56 90 0.00 24,553.22 2,354 18.50 0
34 1,843 1,648 1.062
0 2,862 736.3214286 1,418
246.45 206 93 140.64 0.00 383 9831 190
42 1,607,361 1,667.798 1,676,666
1,484,406 1,640,986 1674783.408 1,666,607
201.517 50 209,598 72 210,637 14 198,449.94 206,014 210,532.54 209,306
264
WELL 4 4 4 3 3 3 4 4 4 4 3 3
NO. 22-Oct-04 23-Ocl 04 24-Oct-04 25-Oct 04 26-Od-04 27-OC1-04 28-Oct-04 29-Oct-04 30-0ct-04 31-Oct-04 01 Nov-04 02-NOV-04
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00 0 00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00
3A 1,823,666 1,823,666 1,823,666 1,661,634 1,661,634 1,661,634 1,864,100 1,864,100 1,864,100 1,864,100 1,866,431 1,866,431
244.606.25 244,606.25 244,606 25 222,151 56 222,151.56 222,151 56 247.874.33 247.874 33 247,874 33 247,874.33 248 ,052 32 248.052 32
3B 644,464 644,464 644,464 1,662,812 1,662,812 1,662,812 404,063 404,063 404,063 404,063 270,600 270.600
72,787.03 72,787 93 72,787 93 220,964.13 220,964.13 220,964 13 54.019.05 54.019.05 54,019.05 54,019.05 36,176.47 36,176 47
10 600 600 600 0 0 0 0 0 0 0 0 0
66.84 66.84 66 84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 1,613,760 1,613,760 1.613,760 1,623,867 1,623,867 1,623,867 1,606,360 1,606,360 1,606,360 1,606,360 1,616,690 1.616,690
216.544.08 216,544.08 216,544 08 217,094.52 217,094.52 217,094 52 214,752.67 214,752.67 214.752.67 214,752.67 216,001 34 216,001 34
20 1,668,376 1,668,376 1,668,376 1,672,000 1,672,000 1,672,000 1,703,100 1,703,100 1,703,100 1,703,100 1,731,672 1,731,672
223,044.79 223,044.79 223,044 79 223,529.41 223,529.41 223,529.41 227,687.17 227,687.17 227.687.17 227,687 17 231,507.00 231,507.00
21 1,623,667 1,623,667 1,623,667 1,417,420 1,417,420 1,417,420 1,668,628 1,668,628 1,668,628 1,668,628 1,671,991 1,671,991
204,487.60 204,487.60 204,487 60 189,494 70 189,494.70 189,494 70 208,372.66 208,372.66 208,372.66 208.372.66 210,159 18 210,159.18
22 1,673,000 1,673,000 1,673,000 1,483.000 1,483,000 1,483,000 1,486,760 1,486,760 1,486,760 1,486,760 1,230,667 1,230,667
210,294.12 210,294 12 210.294 12 198,262.03 198,262.03 198.262.03 198.629 68 198.629.68 198.629.68 198,629 68 164,527 63 164,527,63
26 1,681,300 1,681,300 1,681,300 1,663,633 1,663,633 1,663.633 1,604,800 1,604,800 1,604,800 1,604,800 1,661,863 1,661,863
211,483.06 211,483.96 211,483.96 207,704 99 207,704,99 207,704.99 214,545.45 214.545.45 214,545.45 214.545 45 220,836.01 220,836.01
30 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0 00 0 00 0 00
32 2,877,430 2,877,430 2,877,430 2,676,827 2,676,827 2,676,827 2,848,426 2,848,426 2.848,426 2,848,426 2,826,341 2,826,341
384,683.12 384,683.12 384,683 12 344,495 54 344,495 54 344,495 54 380,805 51 380,805.51 380,805.51 380,805.51 377,719.34 377,719.34
33 0 0 0 0 0 0 0 0 0 0 2,642 2,642
0.00 00 0 000 0 00 0 00 0.00 0 00 0.00 0.00 0 00 353.16 353.16
34 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
42 1,671,086 1,671,086 1,671,086 1,633,841 1,633,841 1,633,841 1,668,364 1,668,364 1,668,364 1,668,964 1,608,772 1,608,772
210,038.07 210,038.07 210,038.07 205,861.10 205,861.10 205,861.10 209,753 18 209,753.18 209,753 18 209,753 18 215,076 47 215,076 47
265
WELL 3 4 4 4 4 2 2 5 5 5 5 5
NO. 03-Nov 04 04-NOW-04 05-Nov-04 O6 -N0V-O4 07-NOV-04 OS-Nov-04 09-NOV-04 10-Nov-04 11 -Nov-04 I 2 -N0V-O4 1 3 -N0 V-O4 14-NOV-04
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0 00 0.00 000 0.00 0 DO 0 00 0 00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00
3A 1.066,431 1,707,143 1,707,143 1,707,143 1.707.143 1,728,610 1,720,610 1,762,300 1,762,300 1,762,380 1,762,380 1,762,300
240,052.32 220,227 64 228,227 64 228,227.64 228,227,64 231,098.60 231,096.60 235,612.30 235,612.30 235,612 30 235,612.30 235,612,30
38 270,600 0 0 0 0 901,661 901,661 1,393,636 1,393,636 1,393,636 1.393,636 1,393,636
36,176.47 0 00 0.00 0.00 0 00 120,529 48 120,529.48 186,314.95 186,314 95 186,314.95 186,314.95 186,314.95
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,616,690 1,666,908 1,666,908 1,666,900 1,666,900 1,460,000 1,460,080 1,631,066 1,631,066 1,631,066 1,631,866 1,631,066
216,001.34 222,848.60 222,848 60 222,848,60 222,848.60 194,930.48 194,930.48 218,162 38 218,162.38 218,162.38 218,162.38 218,162 38
20 1,731,672 1,194,621 1,194,621 1,194,621 1,194,621 1,007,644 1,087,644 1,633,776 1,633,776 1,633,776 1,633,776 1,633,776
231,507.00 159,695.29 159,695.29 159,695.29 159,695.29 145,393,52 145,393.52 218,419.06 218,419.06 218,41906 218,41906 218,419.06
21 1,671,991 1,463,632 1,463,632 1,463,632 1,463,632 1,469,360 1,469,360 1,636,200 1,636,200 1,636,200 1,636,200 1,636,200
210,159 10 194,322.46 194,322 46 194,322 46 194,322.46 195.100.27 195,100 27 205.240.64 205.240 64 205,240.64 205,240.64 205,240.64
22 1,230,667 1,407,000 1,407,000 1,407,000 1,407,000 1,296,000 1,296,000 3,400 3,400 3,400 3,400 3,400
164,527.63 198,796.79 198,796.79 198,796.79 198,796.79 173,128.34 173,128.34 454.55 454.55 454.55 454.55 454.55
26 1,661.063 1,610,110 1,610,110 1,610,110 1,610,110 1,660,600 1,668,600 1,662,260 1,662,260 1,662,260 1,662,260 1,662,260
220,836.01 201,686 36 201,886 36 201,886.36 201,886 36 221,737 97 221.737.97 208,858.29 208.858 29 208 ,858 29 208,858.29 208,858 29
30 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0 00 0 00 0.00 0.00 0.00 0 00 0.00 0 00 0.00 0.00 0 00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0 00 0.00 0.00 0.00 0 00 0 00 0 00
32 2,026,341 2,628,470 2,620,470 2,628,470 2,620,470 2,641,470 2,641,470 2,724,612 2,724,612 2,724,612 2,724,612 2,724,612
377,719.34 351,399 67 351,399 67 351,399.67 351,399.67 353,137 70 353,137.70 364,239.57 364,239.57 364,239 57 364,239 57 364,239 57
33 2,642 0 0 0 0 0 0 969 969 969 969 969
353.16 0.00 0 00 0.00 0.00 0.00 0.00 129.52 129 52 129 52 129 52 129 52
34 0 0 0 0 0 12,923 12,923 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 1,727.67 1,727.67 0.00 0 00 0.00 0 00 0.00
42 1,600,772 1,617,132 1,617,132 1,617,132 1,617,132 1,440,030 1,440,030 1,690,604 1,698,604 1,698,684 1,690,604 1,690,604
215,076.47 216,194.08 216,194.08 216,194 08 216,194 08 192,51? 38 192,517 30 213,727.81 213,727 81 213.727.81 213,727.81 213,727 81
266
WELL 3 3 3 4 4 4 4 7 7 7 7 7
NO. 1 S-Nov-04 16-NOV-04 17-NOV-04 1 B-Nov-04 19-NOV-04 20-NOV-04 21-Nov-04 22-NOV-04 23 Nov-04 24-Nov 04 25-NOV-04 26-NOV-04
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00 0 00 0 00 0 00 0 00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0.00 0.00 0 00 0 00 0 00 0.00 0.00
3A 1,764,267 1,764,267 1,764,267 1,786,186 1,786,186 1,786,186 1,786,186 1,669,308 1,669,308 1,669,308 1,669,308 1,669,308
234.527 63 234,527.63 234,527.63 238,661.16 238,661.16 238.661.16 238,661.10 223,169 56 223,169 56 223.169 56 223.169.56 223,169.56
38 840,644 840,644 840,644 1,281 1,281 1^81 1,281 0 0 0 0 0
112,372 24 112,372.24 112.372.24 171.29 171 29 17129 171 29 0 00 0.00 0 00 0.00 0.00
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,630,666 1,630,666 1,630,666 1,673,012 1,673,012 1,673,012 1,673,012 1,607,036 1,607,036 1,607,036 1,607,036 1,607,036
217.988.73 217.988.73 217,988.73 210,295.69 210,295.69 210,295.69 210,295 69 214,844 40 214.844 40 214.844.40 214,844.40 214.844.40
20 1,480,910 1,480,910 1,480,910 860,670 860,670 860,670 860,670 1,066,976 1,066,976 1,066,976 1,066,976 1,066,976
197.982.62 197,982.62 197,982 62 115,049.47 115.049.47 115,049 47 115,049.47 142,510.12 142,510 12 142.510,12 142,510 12 142,510.12
21 1,203,691 1,203,691 1,203,691 1,638,243 1,638,243 1,638,243 1,638,243 1,481,680 1,481,680 1,481,680 1,481,680 1,481,680
160.921.26 160,921 26 160,921.26 205.647.39 205.647 39 205,647 39 205,647.39 198,085.50 198.085.50 198,085 50 198 ,085 50 198,085.50
22 486,000 486,000 486,000 1,616,760 1,616,760 1,616,760 1,616,760 1,490,143 1,490,143 1,490,143 1,490,143 1,490,143
64,839.57 64.839 57 64,839.57 202,640.37 202,640.37 202,640.37 202.640.37 199,216.96 199,216.96 199,216 96 199,216 96 199.216.96
26 1,666,107 1,666,107 1,666,107 1,642,109 1,642,109 1,642,109 1,642,109 1,666,636 1,666,636 1,666,636 1 666636 1,666,636
221,404.63 221.404.63 221,404.63 206,164 24 206.164 24 206,164 24 206,164.24 209,296.14 209.296 14 209,296.14 209,296 14 209,296.14
30 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0 00 0 00 0,00 0.00 0.00 0.00 0.00 0 00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0.00 0.00 0 00 0 00 0.00 0.00 0.00
32 2,872,900 2,872,900 2,872,900 2.848,941 2,848,941 2,848,941 2,848,941 2,468,162 2,468,162 2,468,162 2,468,162 2,468,162
384,077.54 384.077 54 384,077.54 380,874,47 380,874 47 380,874 47 380.874.47 329,968 22 329.968.22 329,968 22 329,968 22 329,968 22
33 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00 0 00 0 00
34 6,863 6,863 6,863 0 0 0 0 0 0 0 0 0
917.51 917.51 917.51 0.00 0.00 0.00 0.00 0 00 0 00 0 00 0.00 0.00
42 1,689,489 1,689,489 1,689,489 1,643,766 1,643,766 1,643,766 1,643,766 1,677,849 1,677,849 1,677,849 1,677,849 1,677,849
212,498.48 212.498 48 212,498.48 206,385 70 206,385 70 206,385 70 206,385.70 210,942.40 210,94240 210,942.40 210.942.40 210,942.40
267
WELL 7 7 3 3 3 4 4 4 4 7 7 7
NO. 27-NOV-04 28 Nov-04 29-NOV-04 30-Nov 04 01-Dec-04 02-Dec-04 03-Dec-04 04-Dec-04 05-0ec-04 06-0ec-04 07-Dec-04 08-Dec-04
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00
3A 1.669^08 1,669,308 1,676,826 1,676,828 1,676,828 1,782,479 1,782,479 1,782,479 1,782,479 1,780,343 1,780,343 1,780,343
223,169 56 223,169.56 224,174 91 224,174.91 224,174.91 238,299.30 238,299 30 238,299.30 238,299 30 238,013.75 238,013-75 238,013.75
3B 0 0 798 798 796 0 0 0 0 0 0 0
0.00 0.00 106 73 106.73 106.73 0.00 0.00 0.00 0.00 0.00 0 00 0.00
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,607,036 1,607,036 1,694,072 1,694,072 1,694,072 1,617,888 1,617,888 1,617,888 1,617,888 1,699,604 1,699,604 1,699,604
214,844.40 214,844.40 213,111 27 213,111.27 213,111 27 216,295.22 216,295 22 216,295.22 216,295.22 213,837.47 213,837.47 213,837.47
20 1,066,976 1,066,976 907,000 907,000 907,000 893,660 893,660 893,660 893,660 901,429 901,429 901,429
142,510.12 142,510 12 121,256 68 121,256.68 121,256 68 119,471.93 119,471.93 119,471 93 119,471 93 120,511 84 120,511 84 120,511.84
21 1,461,680 1,481,680 1,474,426 1,474,426 1,474,426 1,622,606 1,622,606 1,622,606 1,622,606 1,484,300 1,484,300 1,484,300
198,085 SO 198,085.50 197,115 73 197,115.73 197,115 73 203,543.55 203,543 55 203,543 55 203,543 55 198,435 83 198,435 83 198,435 83
22 1,490,143 1,490,143 1,614,333 1,614,333 1,614,333 1,616,260 1,616,260 1,616,260 1,616,260 1,626,286 1,626,206 1,626,286
199,216.96 199,216.96 202,450.98 202,450.98 202,450.98 202,707.22 202,707 22 202,707.22 202,707.22 204,048.89 204,048.89 204,048.89
26 1,666,636 1,666,636 1,679,100 1,679,100 1,679,100 1,606,026 1,606,026 1,606,026 1,606,026 1,666,443 1,666,443 1,686,443
209,296 14 209,296.14 211,109.63 211,109.63 211,109.63 214,575.53 214,575.53 214,575.53 214,575.53 212,091.29 212,091.29 212,091.29
30 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0-00 0.00 0.00 ooo 0 00 0.00 0 00 0 00 0 00 0 00 0 00 0 00
32 2,468,162 2,468,162 2,694,200 2,694,200 2,694,200 2,726,326 2,726,326 2,726,326 2,726,326 2,648,220 2,648,220 2,648,220
329,968.22 329,968 22 360,187.17 360,187.17 360,187 17 364,348.26 364,348 26 364,34826 364,348 26 354,040.13 354,040.13 354,040 13
33 0 0 0 0 0 0 0 0 0 0 0 0
0,00 0.00 0.00 0.00 0.00 000 0 00 0 00 0.00 0.00 0.00 0.00
34 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0 00 000 0.00 0.00 0.00 0.00 0.00 0.00
42 1,677,849 1,677,849 1,438,680 1,438,680 1,438,680 1,674,172 1,674,172 1,674,172 1,674,172 1,666,100 1,666,100 1,666.100
210.042.40 210,942.40 192,323 53 192,323 53 192,323 53 223,819.82 223,819.82 223,819 82 223,819.82 209.371 68 209.371.68 209,371.68
268
WELL 7 7 7 7 7 7 7 7 7 7 7 3
NO. 09-O ec 04 1 0 -0 ec-0 4 11 -Dec-04 12 Dec-04 13-Dec-04 14-Dec-04 15-D ec-04 16-Dec-04 17-Dec-04 18-Dec-04 19-Dec-04 20-0ec-04
1 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0  00 0 00 0 00 0 00 0 00 0.00 0 00 0 00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0 00
3A 1,780,343 1.780.343 1,780,343 1,780,343 1,784,114 1,784,114 1,784,114 1,784,114 1,784,114 1,784,114 1,784,114 1,802,633
238,013.75 238,013.75 238,013.75 238,013.75 238,517 95 238,517.95 238,517 95 238,517 95 238,517,95 238,517,95 238,517 95 240,993.76
3B 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
19 1,699,604 1,699,604 1,699,604 1,699,604 1,699,871 1,699,871 1,699,871 1,699,871 1,699,871 1,699,871 1,699,871 1,612,000
213,837.47 213,837.47 213,837.47 213,837.47 213,886.55 213,886 55 213.886 55 213,886 55 213,886,55 213,886 55 213,886 55 215,508.02
20 901,429 901,429 901,429 901,429 1,004,914 1,004,914 1,004,914 1,004,914 1,004,914 1,004,914 1,004,914 768,900
120.511 84 120.511 84 120,511 84 120,511 84 134,346 83 134,346 83 134,346.83 134,346.83 134,346.83 134,346.83 134,346.83 101.457.22
21 1,484,300 1,484,300 1,484,300 1,484,300 1,620,443 1,620,443 1,620,443 1,620,443 1,620,443 1,620,443 1,620,443 1,478,034
198,435.83 198.435.83 198,435 83 198,435.83 203,267.74 203,267.74 203,267.74 203,267 74 203,267.74 203,267.74 203,267.74 197,598 08
22 1,626,286 1,626,286 1,626,286 1,626,286 1,626,286 1,626,286 1,626,286 1,626,286 1,626,286 1,626,286 1,626,286 1,496,667
204.048.89 204,048 89 204,048 89 204,048.89 203,915.20 203,915 20 203,915,20 203,915,20 203,915,20 203,915.20 203,915.20 200.089 13
26 1,686,443 1,686,443 1,686,443 1,686,443 1,691,329 1,691,329 1,691,329 1,691,329 1,691,329 1,691,329 1,691,329 1,682,000
212,091.29 212.091 29 212,091 29 212,091 29 212,744.46 212,744 46 212,744 46 212,744.46 212,744.46 212,744.46 212,744.46 211,497.33
30 0 0 0 0 316,339 316,339 316,339 316,339 316,339 316,339 316,339 0
0,00 0.00 0 00 0.00 42,157.56 42,157.56 42,157 56 42,157.56 42,157.56 42,157 56 42,157.56 0 00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0.00 0.00 0 00 0 00 0 00 0 00 0 00
32 2.648,220 2,648,220 2,648,220 2,648,220 2,604,003 2,604,003 2,604,003 2,604,003 2,604,003 2,604,003 2,604,003 2,606,646
354,040 13 354.040 13 354,040.13 354,040 13 348,128.71 348,128.71 348,128.71 348,12871 348,128 71 348,12871 348,128.71 348,334.94
33 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 00 0.00 0.00 0.00 0 00
34 0 0 0 0 4,669 4,669 4,669 4,669 4,669 4,669 4,669 0
0.00 0.00 0.00 0 00 622 82 622 82 6 2 2 8 2 622.82 622.82 622.82 622.82 0.00
42 1,666,100 1,666,100 1.666,100 1,666,100 1,281,743 1,281,743 1,281,743 1.281,743 1,281,743 1,281,743 1,261,743 2,266,900
209,371.68 209.371.68 209,371 68 209,371 68 171,356 00 171,356.00 171,356.00 171,356.00 171,356.00 171,356.00 171,356 00 305.601 60
269
WELL 3 3 4 4 4 4 3 3 3 4 4
NO. 21 -Dec-04 22-O ec 04 23-Dec-04 24-Dec-04 25-Dec 04 26-D0C-O4 27 Dec-04 28 Dec 04 29 Dec-04 30-Dec-04 31-Dec-04
t 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0 00 0.00 0.00 0.00 0 00 0.00 0 00
2 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 0 0 0.00 0.00 0.00 0 00 0.00 0.00 0 00 0 00
3A 1,802.633 1,802,633 1,761,626 1,761,626 1,761,626 1,761,626 1,849,460 1,849,460 1,649,460 1,746,462 1,748,462
240.993.76 240,993.76 234,161 10 234,161 10 234,161 10 234,161.10 247,252.72 247,252.72 247,252.72 233,751.64 233,751.64
3B 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0 0 0 0 0 0 0 0 0 0 0
0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,612,000 1,612,000 1,699,700 1,699,700 1,699,700 1,699,700 1,666,762 1,666,762 1,666,762 1,662,911 1,662,911
215.508.02 215,508.02 213,863 64 213,863 64 213,863 64 213,863.64 207,988.19 207,988 19 207,988.19 222,314.34 222,314 34
20 766,900 766,900 662,761 662,761 662,781 662,761 701,021 701,021 701,021 790,887 790,887
101,457.22 101.457.22 88,607.09 88,607 09 88,607 09 88,607 09 93,719 34 93,719 34 93,719 34 105,733 59 105,733 59
21 1.476.034 1,476,034 1,476,176 1,476,176 1,476,176 1,476,176 1,663,900 1,663,900 1,663,900 1,463,000 1,463,000
197.598 06 197,598 08 197,215.91 197,215 91 197,215.91 197,215.91 207,740.64 207.740 64 207,740,64 198.262.03 198,262.03
22 1.496,667 1,496,667 1,483,000 1,483,000 1,483,000 1,463,000 1,648,667 1,646,667 1,646,667 1,600,600 1,600,600
200,089.13 200,089.13 198,262 03 198,262.03 198,262.03 198,262.03 207,041 00 207,041.00 207,041.00 200,601 60 200,601 60
26 1,662.000 1,662,000 1,670,606 1,670,806 1,670,606 1,670,806 1,667,822 1,667,822 1,667,622 1,628,704 1,626,704
211,497.33 211,497 33 223,369 62 223,369 62 223,369 62 223,369 62 209,601 92 209,601.92 209,601 92 204,372 13 204.372 13
30 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0 00 0 00 0.00 0 00 0.00 0 00 0 00 0.00
31 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 0 0 0 00 0.00 0.00 0.00 0.00 0.00 0.00
32 2,606,646 2 ,606,646 2,266,401 2,266,401 2,266,401 2,266,401 2,829,396 2,629,396 2,829,396 2,661,229 2,661,229
348,334 94 348,334 94 303.262.17 3 0 3 ,2 6 2 1 7 303,262 17 303,262 17 378,261 32 378,261 32 378.261 32 342,410.29 342,410.29
33 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0 00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0 00
34 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0 00 0.00 0.00 0 00 0.00 0 00 0.00 0.00
42 2 ,266,900 2,286,900 1,619,600 1,619,600 1,619,600 1,619,600 1,629,430 1,629,430 1,629,430 1,623,990 1,623,990
305,601.60 305,601.60 203,155.08 203,155 08 203,155.08 203,155.08 204,469 30 204,469 30 204,469.30 217,110 93 217,110 93
270
CALCULATED ' DAILY USAGE BOLD IS GALLONS FINE IS CUBIC FEET
W ELL DAYS BETW EEN READS 4 4 3 3 3 4 4 4 4
NO. LOCATION 1 -Jan-05 2-Jan  05 3-Jan-05 4-Jan-05 5-Jan-OS 6-Jan-05 7-Jan-05 8-Jan-OS 9-Jan-OS
1 S. 6 th  W. 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0,00 0 00 0.00 0.00 0.00 0 00
2 S. 14th W. 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0  00 0.00 0 00 0.00 0.00 0.00
3A SOUTH AVE. 100 h p 1,749,462 1,748,462 1,766,313 1,766,313 1,766.313 1,780,616 1,780,616 1,780.616 1,780,616
233,751.64 233.751.64 234,667.56 234,667 56 234,667 56 238,050.13 238,050 13 238,050 13 238,050 13
3B SOUTH AVE. 200 h p 0 0 0 0 0 0 0 0 0
0.00 0.00 0.04 0.04 0.04 0.00 0.00 0.00 0.00
10 HILDA AVE. 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0.00 0 00 0 00 0.00 0.00
19 N .R U SSE LL 1.662,911 1,662,911 1,609,793 1,609,783 1,609,783 1,683,823 1,563,623 1,683,823 1,683,823
222,314 34 222.314,34 215,211.68 215.211 68 215,211 68 211,741 01 211,741.01 211,741.01 211,741.01
20 CATLIN ST . 790.967 790,987 1,349,979 1,348.979 1,349.979 936,269 836,269 836,269 936,269
105,733 59 105.733.59 180,344,79 180,344.79 180,344.79 111,799.26 111,799.26 111,799.26 111,799.26
21 E. CENTRAL 1,493,000 1,493,000 1,477,900 1,477,900 1,477,900 1,511,098 1,611,089 1,611,089 1,611,089
198,262.03 198.262 03 197,580.21 197,580.21 197,580.21 202,017.05 202,017 05 202,017.05 202,017.05
22 INTERMOUNTAIN 1,600,600 1.600,600 1,606,000 1,606,000 1,606,000 1,616,600 1,616,600 1,616,600 1,616,600
200,601.60 200.601.60 201,203 21 201,203.21 201,203.21 202,606.95 202,606.95 202,606.95 202,606.95
26 BENTON ST. 1,629,704 1,628,704 466,667 465,667 466.667 1,646,300 1,646,300 1,646,300 1,646,300
204,372.13 204.372 13 62,241 53 62,241 53 62,241.53 206,724.60 206,724.60 206,724.60 206,724.60
30 BANK ST. 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00
31 KIWANtS ST. 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 ARTHUR AVE. 2,661,229 2,661,229 2,603,767 2,603,767 2,603,767 2,694,686 2,684,686 2,664,696 2,694,696
342,410.29 342.410.29 334,728 16 334,728 16 334,728.16 358,915.27 358,915.27 358 ,9 1 5 2 7 358,915.27
33 GERALD AVE. 0 0 0 0 0 0 0 0 0
0.00 0 0 0 0.00 0.00 0.00 0 00 0.00 0 00 0.00
34 MAURICE AVE. 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0 00 0.00 0.00 0.00 0 00 0 00
42 M.W.W. «2 W EST 1,623,990 1,623,990 1,661,111 1,661,111 1.651,111 1,661,790 1,661,780 1,661,790 1,661,780
217,110,93 217.110 93 207,367 74 207.367 74 207,367,74 208,794,05 208,794 05 208,794.05 208,794 OS
TOTALS TOTALS TOTALS MIN DAY MIN DAY MIN DAY MAX DAY MAX DAY MAX DAY
Ja n -0 6 Feb-06 M ar-06 J a n -06 F eb-06 M ar-06 Ja n -0 6 Feb-06 Mar-06
1 8 . 61h W. 0 0 0 0 0 0 0 0 0
0,00 0 00 0 00 0.00 0.00 0 00 0 00 0 00 0 00
2 S . 14 th  W. 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
3A SOUTH AVE. 100 h p 64,960,668 49,268,941 64,011.272 1,746,200 1,684,476 1,666,070 1,794,760 1,807,226 1,798,996
7,346,331 26 6,585.406 60 7.220,756.33 233,449.20 225,197.28 222.602 99 239,939 84 241,607 62 240,507.35
3B SOUTH AVE. 200 h p 1 2,061,662 46,296,766 0 0 1,032,023 0 1,626,417 2,074,183
0.13 274,28641 6,055,717.40 0.00 0.00 137,970.94 0.04 217,301.78 277,297 13
10 HILDA AVE. 0 0 0 0 0 0 0 0 0
0 00 0 00 0.00 0 00 0,00 0.00 0 00 0 00 0 00
19 N. RU SSELL 49,467,013 44,617,143 48,641,761 1,439,060 1,443,410 1,496,775 1,662,911 1,726,698 1,631,033
6.613,236.97 5 .9 5 1 ,4 8 9 7 5 6,502 ,90921 192,386.36 192.969.25 199,969.92 222,314.34 230,868 65 218,052 58
20 CATLIN ST. 26,669,644 27,710,323 26,034,669 686,946 733,098 681,401 1,348,979 1,180,700 928,467
3.565,326.67 3,704,588 59 3.346.880 86 01,704 04 98,007.75 91,096.39 180,344 79 157.847 59 124,126 56
21 E. CENTRAL 46.323,867 41,664,633 46,002,160 1,463,160 1,446.360 1,282,450 1,619,136 1,638,376
1,610,886
6.193,030.30 5.556.769 16 6,150,020 02 195,608.29 193,362 30 171,450.53 203,092 91 205,665 11 215,359.03
22 INTERMOUNTAIN 46.906,333 41,969.667 46,827,600 1,478,000 1.406,500 1,479,760
1,630,333 1,664,000 1,664,000
6,270,900 18 5,610.918.00 6,260,360 96 197,593.58 187,901.07 197,827.54 204,590.02 207,754 01 207,754.01
26 BENTON ST. 46,669,714 43,267,160 49,122.683 466.667 1.466.916
1,466,916 1,660,244 1,606,660 1,684,600
6.092.207.80 5.783.042 78 6.433,513.73 62,241.53 194,774.91 194,774.91 221,957 80 214,792 78 211,844 92
30 BANK ST . 0 63,667 49,670 0
0 0 0 8,468 16,667
0 00 7,173.40 6,640.37 0.00 0.00 0.00 0.00 1,132 04 2,213.46
31 KIWANI3 ST. 0 0 0
0 0 0 0 0 0
0 00 0 00 0.00 0 00 0.00 0 00 0 00 0 00 0.00
32 ARTHUR AVE. 94.674,936 79,124,089
86,978,333 2.603,767 2,699,706 2,688,933 2.881.360 2,963,123 2,981,160
11.306,796 26 10,578,086 72 11,628,119.43 334,726.16 360,923 06 359,483.07 385,207.22 396,139 41 398,549.47
33 GERALD AVE. 167 0
0 0 0 0 39 0 0
20 99 0 00 0 00 0.00 0.00 0.00 5.25 0.00 0 00
112,492 138,217 62,491 0 0 0 62,636 11,332 20,830
15,039 04 18,478 21 8 ,354 41 0.00 0 00 0.00 7.023.33 1,514.92 2.784.71
42 M.W.W. #2 W EST 48.467,378 44,416,661 47,696.700 1,402,660 1,190,400 1,190,400
1,623,990 1,826,736 1,676,926
6,482,269 81 5,937,907 93 6,363,061.50 187 ,52005 159,144 39 159,144 39 217,110 93 244,215 94 210,685 16
9 7 1
CALCU
WELL 3 3 3 S 5 5 5 5 2 2 4 4
NO. IO -Jan-05 11-Jan-05 12-Jan-05 13-Jan-05 14-Jan  05 15-Jan-OS 18 Jan-05 17-Jan-05 18-Jan-OS 19-Jan-OS 20 Jan-05 21-Jan-05
1 0 0 0 0 0 0 0 0 0 0 0 0
' 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 o.oo
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00
9A 1,709,400 1,789,400 1,789,400 1,781,660 1,781,660 1,781,660 1,781,660 1,781,660 1,746,200 1,746,200 1,769,369 1,769,369
239,224.60 239.224 60 239,224.60 238,189 84 238,189.84 238,189 84 238,189.84 238.189 84 233.449 20 233,449 20 236.545 29 236 ,54529
3B 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0  00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,608,606 1,608,606 1,608,686 1,607,380 1,607,380 1,607,380 1,607,380 1,607,380 1,439,060 1,439,060 1,617,960 1,617,960
215,051.65 215.051.65 215,051.65 214.890 37 214.890.37 214,890.37 214.890.37 214,890.37 192.386,36 192,386.36 216.303.51 216.303.51
20 003,631 803.631 803,631 686,006 686,006 686,006 686,006 686,006 1,066,646 1,066,646 686.946 686,946
107.423 98 107.423.98 107,423 98 91,711.93 91.711.93 91,711 93 91.711.93 91,711.93 141.115.57 141,115.57 91.704 04 91.704 04
21 1,496,107 1,496,187 1,496,187 1,600,778 1,600.778 1,600,778 1,600,778 1,600,778 1,463,160 1,463,160 1,489,613 1,469,613
199,891.35 199,891 35 199,891 35 200,638.72 200,638.72 200,638.72 200.638.72 200,638 72 195.608.29 195,608.29 199,146 06 199,146 06
22 1,619,000 1,619,000 1,619,000 1,626,400 1,626,400 1,626,400 1,626,400 1,626,400 1,478,000 1,478,000 1,616,260 1,616,260
203,074 87 203 ,074 87 203,074 87 204,064.17 204.064 17 204,064.17 204.064.17 204,064 17 197,593 58 197,593 58 202,707 22 202.707.22
20 1,680,200 1,680,200 1,680,200 1,684,200 1,684,200 1,684,200 1,684,200 1,684,200 1,607,260 1,607,260 1,681,260 1,681,260
211,256 68 211,256 68 211,256.68 211,791 44 211.791,44 211,791.44 211,791.44 211.791.44 214.872.99 214,872.99 211,397 06 211,397 06
30 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0  00 0 00 0.00 0.00
32 2,797,182 2.797,182 2,797,182 2,631,962 2,631,962 2,631,962 2,631,962 2,631,962 2.881,360 2,881,360 2,766,963 2,766,963
373.954.77 373,954.77 373.954.77 351.866 58 351,866.58 351,866.58 351.866 58 351.866.58 385,207 22 385.207 22 368,444.18 368,444.18
33 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0 00
34 0 0 0 0 0 0 0 0 62,636 62,636 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7,023.33 7.023.33 0.00 0.00
42 1,604,767 1,604,767 1,604,767 1,611,040 1,611,040 1,611,040 1,611,040 1,611,040 1,402,660 1,402,660 1,683,063 1,683,063
201,172.01 201.172.01 201.172.01 215.379 68 215,379 68 215,379.68 215.379.68 215.379.68 187,520.05 187,520.05 211,638 03 211,638 03
AVG DAY AVG DAY AVG DAY
J a n -06 F«b-06 M ar-06 Jan 1 -Jan 1 3 Jan 1 4 -Jan 2 9 Jan 3 0 -F eb 1 1 Feb12-Mar11 Mar12-Mar30
1 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 0 0 0 0
2 0 0 0 0 0 0 0 0
0 00 0 00 0 00 0 0 0 0 0
3A 1,772,699 1,769,244 1,742,299 1,771,127 1,772,762 1,781,146 1,741,831 1,746,086
2 3 6 ,9 7 8 4 3 235,193.09 232.927 69 236.782 237.000 238,121 232,865 233.300
3B 0 73,274 1,461,186 0 0 0 689,981 1,413,803
0 00 9.795.64 195.345.72 0 0 0 92,243 189.011
10 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0 0 0 0 0
19 1,696,710 1,689,098 1,669,089 1,609,686 1,692,686 1,676,493 1,689,383 1,667,838
213,330.22 212,553.21 209,771 26 215,199 212,926 210,761 212.484 209,604
20 860,279 989,664 807,670 948,696 812,423 971,066 944,492 801,149
115.010 54 132,306 74 107,963 90 126,831 108,613 129,820 126.269 107,105
21 1,494,318 1,484,461 1,483,940 1,494,134 1,494,217 1,600,207 1,468,746 1,600,476
199,775.17 198,456 04 198,387 74 199,751 199,762 200.562 196,356 200,598
22 1,613,108 1,498,917 1,610,666 1,611.260 1,613,116 1,611,760 1,497,847
1,609,209
202.287 10 200,389 63 201,947.13 202,039 202.288 202.106 200,247 201,766
26 1,469,991 1,644,899 1,662,346 1,281,669 1,696,820 1,667,114
1,637,163 1,667,643
196,522.83 206.537.24 207.532.70 171,346 213,345 208,170 205,502
208,241
30 0 1,916 1,602 0 0
1,964 1,009 1.810
0.00 256 19 214 21 0 0 261 135
242
31 0 0 0 0
0 0 0 0
0.00 0 00 0.00 0 0 0
0 0
32 2 728,221 2,826,860 2,806,763
2,647,004 2,777,276 2,834,673 2,811,866 2,799,771
364,735 36 377,788 81 375.100 63 353,878 371.293 378.954
375,918 374,301
33 6 0 0
0 7 3 0 0
0 68 0.00 0.00 0 1 0
0 0
34 3,629 4,936 2,016
0 6,667 4,230 3,238 2,347
485 13 659 94 269.50 0 878 565
433 314
42 1 664 109 1,686,270 1.636,346
1,666,227 1,670,132 1,664.303 1,668,106 1,667,898
200,105.48 212.068 14 205,260 05 207,918 209,911 209,131
208.303 208,275
9 7 9
CALCU
WELL 4 4 3 3 3 4 4 4 4 3 3 3
NO. 22-Jan-OS 2 3-Jan -0 5 24-Jan-05 25-Jan-05 26-Jan-OS 27-Jan-OS 28-Jan-05 29-Jan-OS 30-Jan-05 31-Jan-05 1-Feb-05 2-Feb-05
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00 0.00 0.00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0 00 0.00 0.00 0.00 0 00 0 00 0  00 0 00
SA 1,769,369 1,769,369 1,761,166 1,761,166 1,761,166 1,794,760 1,794,760 1,794.760 1,794,760 1,766,433 1,766,433 1,766,433
2 3 6 ,5 4 5 2 9 236.545 29 235,448.53 235,448.53 235,448 53 239,939 84 239,939 84 239,939 84 239,939 84 234,817 29 234,817 29 234,817 29
SB 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 0 0 0.00 0.00 0.00 0.00 0  00 0 00 0 00 0.00 0.00 0.00
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,617,960 1,617,960 1,617,466 1,617,466 1,617,466 1,617,046 1,617,046 1,617,046 1,617,046 1,443,410 1,443,410 1,443,410
216,303.51 216,303 51 216,238.81 216,238 81 216,238 81 216,182.49 216,182.49 216,182 49 216,182 49 192,969.25 192,969.25 192,969 25
20 686,946 686,946 933,628 933,628 933,628 866,430 866,430 866,430 866,430 733,098 733,098 733,098
91,704.04 91,704 04 124,803.25 124,803.25 124,803.25 115,832 92 115,832.92 115,832.92 115,832.92 98,007 75 98,007.75 98,007.75
21 1,489,613 1,489,613 1,487,403 1,487,403 1,487,403 1,619,136 1,619,136 1,619,136 1,619,136 1,466,867 1,466,867 1,466,867
199,146 06 199,146 06 198,850.71 198,850.71 198,850.71 203,092.91 203,092.91 203,092 91 203,092.91 196,105 17 196,105.17 196,105.17
22 1,616,260 1,616,260 1,623,000 1,623,000 1,623,000 1,604,760 1,604,760 1,604,760 1,604,760 1,630,333 1,630,333 1,630,333
202,707 22 202,707 22 203,609.63 203,609 63 203,609.63 201,169 79 201,169.79 201,169.79 201.169.79 204,590 02 204,590 02 204,590 02
26 1,681,260 1,681,260 1,660,244 1,660,244 1,660,244 1,668,696 1,668,696 1,668,696 1,668,696 1,613,796 1,613,796 1,613,796
211,397.06 211,397.06 221,957.80 221,957.80 221,957 80 208,381 62 208,381.62 208,381.62 208,381.62 202,379.19 202,379.19 202,379 19
SO 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0 00
SI 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0 00 0.00 0 00 0 0 0
S2 2,766,963 2,766,963 2,839,083 2,839,083 2,839,083 2,868,260 2,868,260 2,868,260 2,868,260 2,874,178 2,874,178 2,874,178
368,444.18 368,444.18 379,556.60 379,556.60 379,556.60 383,455.88 383,455.88 383,455 88 383,455 88 384,248 40 384,248 40 384,248 40
SS 0 0 0 0 0 39 39 39 39 0 0 0
0.00 0  00 0.00 0.00 0 00 5.25 5 25 5 25 5 25 0.00 0.00 0.00
S4 0 0 0 0 0 0 0 0 0 7,423 7,423 7,423
0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 00 0.00 992.38 992.38 992.38
42 1,683,063 1,683,063 1,683,330 1,683,330 1,683,330 1,696,818 1,696,818 1,696,818 1,696,818 1,494,676 1,494,676 1,494,676
211,638.03 211,638.03 211,675.13 211,675.13 211,675.13 213,478 36 213,478 38 213,478.38 213,478.38 199,822 95 199 ,82295 199,822.95
21
22
273
CALCU
WELL 4 4 4 4 3 3 3 4 4 4 4 8
NO. 3 F eb  05 4-F eb  05 S-Feb-05 6-Feb OS 7-Feb-OS 8-Feb-05 9-F eb '05 10-Feb-05 11 -Feb-05 12-Feb-05 13-Fob-05 14-Feb-05
1 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0 00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0 00 0.00 0.00 0.00 0.00
3A 1.306,126 1,806,126 1,806,126 1,806,126 1,761,967 1,761,967 1,761,967 1,807,226 1307 ,2 2 6 1 3 0 7 3 2 6 1 ,80 7 3 2 6 1,762,944
241,326 97 241.326.87 241,326 87 241,326.87 234,220 14 234,220 14 234,220 14 241,607 62 241.607 62 241,607 62 241,607 62 234,350 80
3B 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00 0.00 0 00
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00
19 1,726,898 1,726,898 1,726,898 1,726,898 1.464.133 1,464,133 1,464,133 1,638,676 1,638,676 1,638,676 1,638,676 1,698,963
230,668.65 230,868 65 230,868.65 230,868,65 194,402 85 194.402 85 194,402.85 219,060.83 219.060 83 219,060 83 219,060 83 213,765 04
20 1,066,360 1,066,360 1,066,360 1,066,360 983,600 983,600 983,600 1,170,899 1,170,899 1,170,899 1,170,899 877,238
142,560.16 142,560 16 142,560 16 142,560.16 131.497,33 131,497 33 131,497.33 156,537,33 156,537.33 156,537.33 156,537.33 117,277.79
21 1,626,726 1,626,726 1,626,726 1 ,626,726 1,467,767 1,467,767 1,467,767 1,638,376 1 ,6 3 8 3 7 6 1,638,376 1 ,63 8 3 7 6 1 3 7 8 ,664
203.973.93 203,973.93 203,973 93 203.973.93 196,225.49 196.225.49 196.225.49 205,665.11 205,665.11 205,665.11 205,665.11 197,667.61
22 1,661,600 1,661,600 1,661,600 1,661,600 1,444,000 1,444,000 1,444,000 1,609,600 1,609,600 1,609,600 1,609,600 1,607,376
207,419.79 207,419.70 207,419 79 207.419.79 193,048.13 193,048 13 193,048.13 201,804.81 201,804.81 201,804 81 201,804 81 201,520 72
26 1,664,260 1,664,260 1,664,260 1,564,260 1,668,733 1,668,733 1,668,733 1,604,602 1,604,602 1,604,602 1 ,6 0 4 3 0 2 1,622,087
209,124.33 209,124 33 209,124.33 209,124 33 208,386,81 208.38681 208 ,38681 2 14 ,5 1 8 9 5 214,518 95 2 1 4 ,5 1 8 9 5 214.518.95 203.487 52
30 0 0 0 0 8,468 8,468 8,468 0 0 0 0 3,632
0.00 0 00 0 00 0.00 1,132.04 1,132.04 1,132.04 0 00 0.00 0 00 0.00 472.16
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0 00 0.00 0 00 0 00
32 2,830,742 2 ,830,742 2,830.742 2,830,742 2,762,967 2,762,967 2,762,967 2,873,400 2,873,400 2 3 7 3 ,4 0 0 2,873,400 2,766,626
376,441.38 378.441.38 378,441 38 378,441 38 369.380 57 369,380.57 369,380.57 384.144 39 384,144 39 384,144 39 384,144 39 369,869 65
33 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0 00 0.00 0 00 0.00 0.00 0.00 0.00 0 00 0  00 0 00 0 00
34 8,180 8,180 8,180 8,180 0 0 0 0 0 0 0 11,332
1.093.52 1,093 52 1,093 52 1.093.52 0 00 0.00 0.00 0.00 0 00 0 00 0.00 1,514 92
42 1,649,760 1,649,760 1,649,760 1,649.760 1,616,633 1,616,633 1,616,633 1,604,760 1,604,760 1,604,760 1,604,760 1,664,963
207.185 83 207,185 83 207.185.83 207,185 83 215,980.39 215,980.39 215,980 39 214,538 77 214,538 77 214,538.77 214,538.77 209,219.59
274
CALCU
WELL e 8 8 8 8 8 8 2 2 4 4 4
NO. 15 Feb-OS 16 Feb-05 17-Feb-05 IB Feb-05 19 Feb-05 20-Feb-05 21-Feb-05 22-Feb-OS 23 Feb-05 24-Feb-05 25-Feb-05 26-Feb-05
1 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0 00 0.00 0 00 0.00 0 00 0 00 0 00 0 00 0 00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0  00 0.00 0 00 0 00 0 00 0 00 0 00 0.00 0 00
3A 1,762,944 1,762,944 1,762.944 1,762,944 1,762,944 1,762,944 1,762,944 1,767,374 1,767,374 1,699,476 1,699,476 1,699,476
234 ,350 60 234,350.80 234,350.80 234,350.80 234,350.80 234,350.80 234,350 80 236,279 95 236,279.95 227,202.51 227,202 51 227,202.51
3 8 0 0 0 0 0 0 0 0 0 106,661 106,661 106,661
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0 00 14,246 16 14,246 16 14,246.16
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0 00 0.00 0.00 0  00 0.00 0.00 0.00
19 1.698,963 1,698,963 1,698,963 1,698,963 1,698,963 1,598,963 1,698,963 1,606,276 1,606,276 1,611,313 1,611,313 1,611,313
213,765.04 213,765 04 213,765.04 213,765.04 213,765.04 213,765.04 213,765.04 201,239.97 201,239.97 215,416.11 215,416 11 215,416 11
20 877,236 677 ,238 877,238 877,238 877,238 877,238 877,238 1,180,700 1,180.700 1,009,140 1,009,140 1,009,140
117,277.79 117,277 79 117,277.79 117,277,79 117,277.79 117,277.79 117,277.79 157,847.59 157,847.59 134,911 76 134,911 76 134,911 76
21 1,478,664 1,478,664 1,478,664 1,478,664 1,478,664 1,478,664 1,478,664 1,463,836 1.463,836 1,447,188 1,447,188 1,447,188
197,667 61 197,667.61 197,667.61 197,667 61 197.667,61 197,667 61 197,667 61 194,362.97 194.362 97 193,474 26 193,474,26 193,474 26
22 1,607,376 1,607,376 1,607,376 1,607,376 1,607,376 1,607,376 1,607,376 1,406,600 1,406,600 1,477,260 1,477,260 1,477,260
201,520.72 201,520.72 201,520 72 201,520.72 201,520 72 201,520.72 201,520.72 187.901 07 187,901 07 197,493.32 197.493.32 197,493 32
26 1,622,087 1,622,087 1,622,087 1,622,087 1,622,087 1,622,087 1,622,087 1,606.660 1,606,660 1.607,763 1,607,763 1,607,763
203,487 52 203,487 52 203,487 52 203,487 52 203,487 52 203,487.52 203,487 52 214,792.78 214,792.78 201,572.56 201,572 56 201,572.56
30 3,632 3,632 3,632 3,632 3,632 3,632 3,632 0 0 0 0 0
472.16 472.16 472.16 472.16 472.16 472.16 472.16 0.00 0.00 0.00 0 00 0 00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0,00 0 00 0,00 0,00 0,00 0.00 0 00 0.00 0.00 0 00
32 2,766,626 2,766,626 2,766,626 2,766,626 2,766,626 2,766,626 2,766,626 2,699,706 2,699,706 2.963,123 2,963,123 2,963,123
369,869.65 369.869.65 369,869,65 369,869.65 369,869.65 369,869.65 369,869.65 360,923.06 360,923.06 396,139.41 396.139.41 396,139 41
33 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
34 11,332 11,332 11,332 11,332 11,332 11,332 11,332 0 0 0 0 0
1,514.92 1,514.92 1,514 92 1,514.92 1,514.92 1,514.92 1,514.92 0.00 0 00 0 00 0 00 0 0 0
42 1,664,963 1,664,963 1,664,963 1,664,963 1,664,963 1,664,963 1,664,963 1,472,280 1,472,280 1,826,736 1,826,736 1,826,736
2 0 9 ,2 1 9 5 9 209,219.59 209,219,59 209,219.59 209,219 59 209,219.59 209,219.59 196,828.81 196.828 81 24 4 ,2 1 5 9 4 2 4 4 ,2 1 5 9 4 244,215 94
275
CALCU
W ELL 4 3 3 3 4 4 4 4 7 7 7 7
NO. 27-Feb-OS 28 Feb-05 1-Mar-OS 2-Mar-05 3-Mar-OS 4-Mar-OS 5 Mar 05 6-Mar-OS 7-Mar-05 8 Mar 05 9 Mar 05 10 Mar 05
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0 0 0 0 00 0 00 0 00 0 00 0 00 0 00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SA 1,699,47C 1,684,476 1,684,476 1,684,476 1,760,869 1,760,869 1,760,869 1,760,869 1,740,743 1,740,743 1,740,743 1,740,743
227,202.51 225,197,28 225,197 28 225,197.28 235 ,4 1 0 2 3 235,410.23 235,410.23 235,410.23 232,719.63 232.719.63 232.719.63 232,719.63
SB 106,661 1,626,417 1,626,417 1,626,417 1,674,707 1.674,707 1,674,707 1,674,707 1,643,626 1,643,626 1,643,626 1,643,626
14.246.16 217,301,78 217,301,78 217,301 78 210,522 36 210,522.36 210,522 36 210,522.36 206,367.07 206,367 07 206,367.07 206,367 07
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00
1» 1,611,S IS 1,668,633 1,668,633 1,668,633 1,607,300 1,607,300 1,607,300 1,607,300 1,674,667 1,674,667 1,674,667 1,674,667
215,416.11 208,360.07 208,360 07 208,360 07 214,879 68 214,879.68 214,879.68 214,879 68 210,515.66 210,515.66 210,515.66 2 1 0 ,5 1 5 6 6
20 1,009,140 928,467 928,467 928,467 846,027 846,027 846,027 846,027 904,620 904,620 904,620 904,620
134,911.76 124,126 56 124,126.56 124,126 56 112,971 52 112,971.52 112,971 52 112,971 52 120,925.15 120,925 15 120,925 15 120,925 15
21 1,447,188 1,446,360 1,446,360 1.446,360 1,282,460 1,282,460 1,282,460 1,282,460 1,610,886 1,610,886 1,610.886 1,610,886
193,474.26 193,362 30 193,362.30 193,362.30 171,450.53 171,450 S3 171,450.53 171,450.53 215,359.03 215,359 03 215,359.03 215,359.03
22 1,477,260 1,664,000 1,664,000 1,664,000 1,479,760 1,479,760 1,479,760 1,479,760 1,612,143 1,612,143 1,612,143 1,612,143
197,493.32 207,754.01 207,754.01 207,754 01 197,827.54 197,827.54 197,827.54 197,827 54 202,158.14 202,158.14 202,158.14 202,158 14
2« 1,607,763 1,466,916 1,466,916 1,466,916 1,666,000 1,666,000 1,666,000 1,666,000 1,666,067 1,666,067 1,666,067 1,666,067
201,572.56 194,774.91 194,774.91 194,774.91 209,358.29 209,358.29 209,358.29 209,358.29 207,895.34 207,895.34 207,695 34 207,895.34
SO 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0 0 0
SI 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0 00 0 00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 2,963,123 2,886,367 2,886,367 2,886,367 2,812,939 2,812,939 2,812.939 2,812,939 2,738,636 2,738,636 2,738,636 2,738,636
396,139.41 385,744.21 385,744.21 385,744.21 376,061 30 376,061 30 376,061.30 376,061.30 366,114.32 366,114.32 366,114.32 366,114.32
SS 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0 00 0 00 0.00 0.00 0.00 0.00 0 00 0.00 0 00
S4 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0 00 0 00 0.00 0.00 0.00 0.00 0.04 0 04 0.04 0.04
42 1,826,736 1,190,400 1,190,400 1,190,400 1,676,926 1,676,926 1,676,926 1,676,926 1,664,271 1,664,271 1.664,271 1,664,271
244,215 94 159,144.39 159,144 39 159,144 39 210,685 16 210,685 16 210.685.16 210,685 16 207,790 30 207,790.30 207,790 30 207,790 30
276
CALCU
WELL 7 7 7 3 3 3 4 4 4 4 3 3
NO. 11-Mar-05 12-Mar-OS 13-Mar 05 14-Mar-OS 15-Mar 05 16-Mar-05 17-Mar-05 18-Mar-05 19-Mar-05 20-Mar-0S 21 -Mar-05 22-Mar-05
1 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0 0 0 0.00 0 00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0 00 0 00 0 00 0 00 0 00 0 0 0 0 00 0 00
3A 1,740,743 1 ,740,743 1,740,743 1,737.233 1,737,233 1,737,233 1,762,740 1,762,740 1,762,740 1,762,740 1,772,643 1,772,643
232,710.63 232,719.63 232,719.63 232,250.45 232,250.45 232.250,45 234 ,323 53 234,323 53 234.323 53 234,323 53 236,984 40 236,984 40
3B 1,643,626 1,643,626 1,643,626 1,032,023 1,032,023 1,032,023 1,436,393 1,436,393 1,436,393 1,436,393 1,319,600 1,319,600
206,367.07 206.367 07 206.367 07 137.970 94 137,970.94 137,970.94 192,031 15 192,031 15 192,031 15 192,031.15 176.403.74 176.403 74
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0 00 0.00
19 1,674,667 1,674,667 1,674,667 1,631,033 1,631,033 1,631,033 1,496.776 1,496,776 1,496,776 1,496,776 1,687,967 1,687,967
210,515.66 210.515.66 210,515.66 216.052 58 218,052.58 218,052.58 199,969 92 199,969 92 199.969 92 199 969 92 212,295,01 212,295 01
20 904,620 904,620 904,620 831,916 831,916 831,916 773,462 773,462 773,462 773,462 710,439 710,439
120,925.15 120,925.15 120 ,9 2 5 1 5 111,218.72 111,218.72 111,218 72 103,402.71 103,402.71 103,402 71 103,402.71 94,978 48 94,978 48
21 1,610,986 1,610,886 1,610,886 1,466,800 1,466,800 1,466,800 1,488,026 1,488,026 1,488,026 1,488,026 1,610,033 1,610,033
215,359.03 215,359.03 215,359.03 195,962 61 195,96261 195,962 61 198,933.82 198,933.82 198,933.82 198,933.82 201,876.11 201,876 11
22 1,612,143 1,612,143 1,612,143 1,606,000 1,606,000 1,606,000 1,609,760 1,609,760 1,609,760 1,609,760 1,614,667 1,614,667
202.158.14 202.158 14 202,158.14 201,336.90 201,336 90 201,336 90 201,838 24 201,838.24 201,838 24 201,838 24 202.495 54 202.495 54
26 1,666,067 1,666,067 1,666,067 1,639,633 1,639,633 1,639,633 1,679,400 1,679,400 1,679,400 1,679,400 1,646,367 1,646,367
207,895.34 207.895 34 207,895.34 205,819 96 205,819 96 205,819 96 211,149 73 211,149 73 211.149 73 211,149.73 206,733 51 206,733 51
30 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0.00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0 00 0  00 0 00 0 00 0.00 0.00 0 00 0.00
32 2,738,636 2,738,636 2,738,636 2,688,933 2,688,933 2,688,933 2,981,160 2,981,160 2,981,160 2,981,160 2,763,967 2,763,967
366.114 32 366,114.32 366,114.32 3 5 9 4 8 3 0 7 359,483 07 359 ,4 8 3 0 7 398 ,54947 398 .5 4 9 4 7 398,549.47 398 ,54947 368,177 36 368,177.36
33 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0 00 0 0 0 0 00 0.00 0.00 0.00 0.00 0.00
34 0 0 0 20,830 20,830 20,830 0 0 0 0 0 0
0.04 0.04 0.04 2,78471 2.784 71 2,784.71 0 00 0.00 0.00 0.00 0.00 0 00
42 1,664,271 1,664,271 1,664,271 1,639,837 1,639,837 1,639,837 1,663,697 1,663,697 1,663,697 1,663,697 1,667,800 1,667,800
207,790.30 207,790.30 207,790 30 205,860 56 205,860 56 205,860 56 209.050 43 209.050.43 209.050.43 209,050.43 209,598.93 209.598 93
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CALCU
WELL 3 4 4 4 4 3 3 3 4
NO. 23-Mar-OS 24-M af-05 2 5-Mar-05 26-Mar-05 27-Mar-05 28-Mar-05 29-Mar-OS 30-Mar-0S 31-Mar-05
1 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0  00 0 00 0 00 0,00 0,00
2 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0.00 0.00 0,00 0,00 0.00
3A 1,772,643 1,798,996 1,798,996 1,798,996 1,798,996 1,666,070 1,666,070 1,666,070 1,681,866
236,984.40 240,507.35 240,507 35 240,507.35 240,507.35 222,602 99 222,602.99 222,602.99 224,848.40
3B 1,319,600 1,373,242 1,373,242 1,373,242 1,373,242 1,624,811 1,624,811 1,624,811 2,074,183
176.403.74 183,588 SO 183,588 50 183,588.50 183,588 50 203,851.69 203,851.69 203,851.69 277,297.13
10 0 0 0 0 0 0 0 0 0
0 00 0  00 0.00 0.00 0.00 0.00 0,00 0,00 0 00
IS 1,687.967 1,667,713 1,667,713 1,667,713 1,667,713 1,632,323 1,632,323 1,632,323 1,664,976
212,295.01 209,587.23 209,587.23 209,587,23 209,587.23 204,856 02 204,856 02 204,856 02 209,221 29
20 710.439 737,129 737,129 737,129 737,129 681,401 681,401 681,401 762,396
94,978.48 98,546.59 98,546.59 98,546 59 08,546 59 91.096.39 91,096,39 91,096,39 100,587.63
21 1,610,033 1,621,768 1,621,768 1.621,768 1,621,768 1,416,622 1,416,622 1,416,622 1,486,960
201,876.11 203,443 62 203,443.62 203,443 62 203,443.62 189,388 01 189,388,01 189,388 01 198.790 07
22 1,614,667 1,619,260 1,619,260 1 ,6 19260 1,619,260 1,613,333 1,613,333 1,613,333 1,497,600
202,495.54 203,108.29 203,108 29 203,108.29 203,108.29 202,317.29 202,317.29 202,317 29 200,200 53
26 1,646,367 1,646,126 1,646,126 1,646,126 1,646,126 1,684,600 1,684,600 1,684,600 1,646,860
206,733.51 206,701 20 206,701 20 206,701.20 206.701.20 211,844 92 211,844 92 211,844 92 206,564 44
30 0 0 0 0 0 16,667 16,667 16,667 0
0.00 0 00 0.00 0.00 0.00 2,213.46 2,213,46 2,213 46 0,00
31 0 0 0 0 0 0 0 0 0
0.00 0.00 0 0 0 0.00 0.00 0,00 0,00 0.00 0,00
32 2,763,967 2 ,8 6 6 2 6 6 2 ,8 6 6 2 6 6 2 ,8 6 6 2 6 6 2,866,266 2,762,280 2,762,280 2,762,280 2,824.900
368,177.36 381,719.92 381,719 92 381,719,92 381,719.92 369,288,77 369,288 77 369,288,77 377,660.43
33 0 0 0 0 0 0 0 0 0
0.00 0.00 0 0 0 0 00 0 00 0,00 0,00 0,00 0.00
34 0 0 0 0 0 0 0 0 0
0.00 0.00 0 oo 0 00 0.00 0 00 0,00 0.00 0 00
42 1,667,800 1,670,660 1,670,660 1,670,660 1,670,660 1,636.700 1,636,700 1,636,700 1,660,900
209,598.93 209,979.95 209,979 95 209,979.95 209,979.95 205,441 18 205,441.18 205,441.18 208,676 47
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CALCULATED ' DAILY USAGE BOLD IS GALLONS FINE IS CUBIC FEET
W ELL DAYS BETW EEN READS 4 4 4 3 3 3 4 4 4
NO. LOCATION 1-Apr-OS 2-Apr-OS 3-Apr-05 4 Apr-05 5-Apr-05 6 Apr-05 7-Apr-05 8-Apr-05 9-Apr-05
1 S . 6 th  W. 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00
2 S . 14th  W. 0 0 0 0 0 0 0 0 0
0.00 0.00 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00
3A SOUTH AVE. 100 h p 1,681,966 1,681,866 1,681,866 1,748,218 1,748,218 1.748,218 1,794,000 1,794,000 1,794,000
224.848.40 224.848 40 224.848 40 233.719.03 233,719 03 233,719.03 239,839.57 239,839.57 239,839.57
3B SOUTH AVE. 200 h p 2,074,183 2,074,183 2,074,183 1,823,431 1,823,431 1.823,431 1,966,477 1,966,477 1,966,477
277,297 13 277,297 13 277.297 13 2 4 3 ,7 7 4 2 0 243,774 20 24 3 ,7 7 4 2 0 262,764.27 262,764.27 262,764 27
10 HILDA AVE. 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0 00 0.00 0  00 0.00 0.00 0.00
19 N .R U SSE LL 1,664,976 1,664,976 1,664,976 1,682,627 1,682,627 1,682,627 1,620,000 1,620,000 1,620,000
209,221.29 209,221.29 209.221.29 211,581 11 211,581.11 211.581.11 216.577 54 216.577.54 216,577.54
20 CATLIN ST. 762,396 762,396 762.396 974,073 974,073 974,073 721,469 721,469 721,469
100.587.63 100,587.63 100.587.63 130,223.62 130,223.62 130.223.62 96.453.04 96.453 04 96.453 04
21 E. CENTRAL 1,486,960 1,486,960 1,486,960 1,484,634 1,484,634 1.484,634 1,644,360 1.644,360 1,644,360
198.790.07 198,790.07 198.790.07 198,480.44 198.480.44 198.480.44 206.463.90 206.463.90 206.463 90
22 INTERMOUNTAIN 1,497,600 1,497,600 1,497,600 1,482,667 1,482,667 1,462,667 1,693,260 1,693,260 1,693,260
200.200 53 200.200 S3 200,200.53 198,217.47 198.217.47 198.217.47 213,001.34 213,001 34 213.001.34
26 BENTON ST. 1,646,860 1,646,860 1,646,860 1,619,333 1,619,333 1,619,333 1,608,760 1,608,760 1,608,760
206,664.44 206,664.44 206.664.44 216,488.41 216.488,41 216,488.41 201,704.55 201,704 55 201,704 55
30 BANK ST. 0 0 0 6,617 6,617 6,617 2 2 2
0.00 0  00 0 00 871.26 871.26 871.26 0.20 0.20 0.20
31 KIWANIS ST. 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0  00 0.00 0.00 0.00 0.00 0.00
32 ARTHUR AVE. 2 ,824,900 2,824,900 2,824,900 3,077,767 3,077,767 3,077,767 3,149,176 3,149,176 3,149,176
377.660.43 377,660.43 377.660 43 411.466,13 411.466.13 411,466.13 421.012.70 421 ,0 1 2 7 0 421.012.70
33 GERALD AVE. 0 0 0 0 0 0 0 0 0
0.00 0 0 0 0.00 0  00 0,00 0 00 0.00 0 0 0 0 00
34 MAURICE AVE. 0 0 0 10,033 10,033 10,033 0 0 0
0.00 0.00 0.00 1,341.31 1,341.31 1,341.31 0 00 0.00 0  00
42 M.W.W. #2  W EST 1,660,900 1,660,900 1,660,900 1,648,640 1,648,640 1,648,640 1,669,296 1,669,296 1,669,296
2 0 8 .6 7 6 4 7 208.676.47 208,676.47 207,037.43 207.037.43 207,037 43 209,798 80 209,798 80 209,798 80
MONTHLY MONTHLY MONTHLY
TOTALS TOTALS TOTALS MIN DAY MIN DAY MIN DAY MAX DAY MAX DAY MAX DAY
Apr-06 M ay-06 Ju n -0 6 Apr-06 May-06 Ju n -0 6 Apr-06 May-06 Jun-06
1 8 . 6 th  W. 0 6,307,162 33,896,190 0 0 467,620 0 1,067,730 2,016,060
0.00 843,202 14 4,531,442 51 0.00 0.00 61.179.11 0.00 141.407.75 269,526.78
2 S . 14th W. 0 0 1,320,000 0 0 0 0 0 440,000
0.00 0.00 176,470 59 0.00 0.00 0.00 0  00 0.00 58,823.53
3A SOUTH AVE. 100 hp 62.013,163 64,766,436 61,069,467 1,601,190 1,712,867 843,767 1,794,000 1.786.688 2,112,767
6,953,630 08 7.320,379 01 6.827,468 88 214.062.83 228,992.87 112,803 03 239,839 57 238.861 97 2 82 ,45544
3 8 SOUTH AVE. 200 h p 68,686,068 46,136,167 26,677,773 1,418.690 684,119 0 2,434,629 2,396,281 2,026,100
7.845.730 95 6.167,936 76 3.566,547 14 189,651.07 91,459 76 0.00 325,485.16 320,224 69 270 .7 3 5 2 9
10 HILDA AVE. 0 2,600 18,244,300 0 0 0 0 2,600 1,730,760
0.00 334.22 2,439,077 54 0.00 OOO 0.00 0.00 334.22 231.383.69
19 N .R U SSE LL 47,444,633 36,166,689 29,206,031 1,604.233 679,414 611.272 1,662,937 1,626,887 1,420,901
6,342,665.41 4,836,118.85 3,904,549.64 201,100.71 77.461.82 81.720.86 222.317.74 217,498 30 189,959 96
20 CATLIN ST. 28.600.620 47,796,685 46,624,660 721,469 768,289 662,133 1,314,196
1,690,467 1,788,429
3,823,598.93 6,389,917.71 6,086,169.79 96,453.04 102.712.48 87,183 60 175,694.69 225.998.22 239,094.72
21 E. CENTRAL 44,081,460 46,109,100 44,866,882 1,381.267 1,438,400 1,416,698
1,644,360 1,620,126 1,646,464
5,893.242 01 6 ,164.318 18 5.998,246 28 184,661.32 192,290.47 180.251.11 206.463.90 203,225.27 206.612 77
22 INTERMOUNTAIN 46,418,600 47,196,600 46,934,300 1,027,000 1,461,600 1,461,600
2,186,000 1,643,800 1,640,760
6,071.991.98 6,309.558.82 6,140,949 20 137,290 47 194,050 80 194.050 80 292.245 99 206,390 37 219,351 60
26 BENTON ST. 42,232,796 48,324,160 46,463,260 372,036 1,496,733
1,417,800 1,619.333 1,649,967 1,672,267
5,646,095 59 6,460,447 86 6,211.664.44 49,737.47 199.964.35 189.545.46 216,488 41 220 ,5 8 3 7 8 223,565.11
30 BANK ST. 39,636 1,323,490 2,662,782 0
0 0 6,693 189,473 317,100
5,298.80 176,937.17 355,986 84 0 00 0.00 0.00 894.74 25.330 61 42,393.09
31 KIWANIS ST. 0 0 0
0 0 0 0 0 0
0.00 0 00 0.00 0 00 0 00 0.00 0.00 0 00 0.00
32 ARTHUR AVE. 96,639,900 126,263,600
163,973,918 2,824,900 2,632,400 3,936,700 3,663,900 6,316.980 6,629,236
12,786,082.89 16.880,160.43 20.584,748 45 377,660 43 351,925 13 526.296.79 489,826.20 710.692 51 739.202 67
33 GERALD AVE. 11,168 6,682,323
6,776,661 0 0 0 3,723 386,926 1,363,066
1,493.08 879,989.67 905.957 41 0 00 0.00 0 00 497 69 51.727.99 182,227 94
34 MAURICE AVE. 77,727
60,736 767,416 0 0 0 16,876 7,248 209,171
10,391.31 6.782 80 101,258.66 0.00 0.00 0 00 2,122 46 968.98 27,963 99
42 M.W.W. #2  W EST 46,766,138
34,632,973 12,861,719 1,624,196 276,340 22,760 1,648,333 1,776,283 992,767
6,252.157 42 4,616,707 55 1,718,144.20 203,769 39 36,943 81 3,041.41 220.365.42 237.337.30 132.721 57
W ELL 4 3 3 3 4 4 4 4 3 3 3 4
NO. 10-Apr-0 5 11-Apr-05 12-Apr-05 13-Apr-05 14-Apr-05 15 Apr-05 16-Apr-OS 17-Apr-05 18-Apr-05 19-Apr-05 20-Apr-05 21 -Apr-05
1 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 00 0 00 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0 00 0.00 0.00 0 00 0.00 0 00 0 00 0 00 0 0 0
9A 1,704,000 1,601,190 1,601,190 1.601,190 1,764,233 1,764,233 1,764,233 1,764,233 1,726,200 1,726,200 1,726,200 1,746,336
230,839 57 214,062 83 214,062 83 214,062 83 235,859.98 235,859,96 235,859.96 235,859 96 230,775 40 230,775 40 230.775 40 233,467 58
3B 1,066,477 1,416,600 1,418,690 1,418,690 1,606,760 1,606,760 1,606,760 1,606,760 1,600,867 1,600,867 1,600,867 2,434,629
262,764.27 189,651 07 189,651 07 189,651 07 241,544 12 241,544 12 241,544 12 241,544.12 240,757 58 240,757 58 240,757.58 325,485 16
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00
10 1,620,000 1,604,233 1,604,233 1,604,233 1,602,676 1,602,676 1,602,676 1,602,676 1,607,227 1,607,227 1,607,227 1,662,706
216,577.54 201,100 71 201,100.71 201,100.71 214,261.36 214,261 36 214,261.36 214,261 36 214,869 88 214,869 88 214,869.86 208,917 78
20 721,469 893,346 693,346 693,346 740,672 740,672 740,872 740,872 966,662 966,662 966,662 1,314,196
96,453.04 119,431.28 119,431 28 119,431 28 99.047.03 99,047 03 99,047 03 99,047.03 129,099 15 129,099 15 129,099 15 175,694.60
21 1,644,360 1,394,600 1,394,600 1,394,600 1,486,426 1,466,426 1,486,426 1,486,426 1,611,167 1,611,167 1,611,167 1,467,900
206,463.90 186,430.48 186,430.48 186,430 48 198,586 20 198,586.20 198,586.20 198,586.20 202,027 67 202,027 67 202,027 67 196,243 32
22 1,693,260 1,400,333 1,400,333 1,400,333 1,628,000 1,628,000 1,628,000 1,628,000 1,606,000 1,606,000 1,606,000 1,027,000
213,001.34 187,210.34 187 ,210 34 187,210.34 204 ,2 7 8 0 7 204,278.07 204,278.07 204,278.07 201,604.28 201,604 26 201.604,28 137,299,47
26 1,606,760 1,696,833 1,696,833 1,698,633 372,036 372,036 372,036 372,036 1,697,033 1,697,033 1,697,033 1,681,726
201,704 55 213,747 77 213,747.77 213,747.77 49,737 47 49,737 47 49,737.47 49,737.47 213,507 13 213,507 13 213,507 13 211,460.56
30 2 0 0 0 0 0 0 0 0 0 0 0
0.20 0 00 0.00 0.00 0.00 0 00 0.00 0 00 0 00 0 00 0.00 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0 00 0 00 0 00 0 00
32 3,140,176 2,666,633 2,686,633 2,686,633 3,207,260 3,207,260 3,207,260 3,207,260 3,132,060 3,132,060 3,132,060 3,301,760
421,012.70 385,766 49 385,766.49 385,766.49 428 ,7 7 6 7 4 428,776.74 428.776.74 428,776.74 418,724 60 418,724.60 418,724.60 441.414 44
33 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0.00 0 00 0.00 0 00 0.00 OOO 0.00 0 0 0
34 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0  00
42 1,660,296 1,627,273 1,627,273 1,627,273 1,624,196 1,624,196 1,624,196 1,624,196 1,691,933 1,691,933 1,691,933 1,646,400
209,798.80 204,180 93 204,180 93 204,180.93 203,769 39 203,769 39 203,769.39 203,769.39 212,825 31 212,825.31 212,825.31 206,737 97
AVG DAY AVG DAY AVG DAY AVG DAY AVG DAY AVG DAY AVG DAY AVG DAY
Apr-06 M ay-06 Ju n -0 6 April 1-April 20 April21-May11 M ay12-Jun1 June2-Jun24 Jun25-Jun30
1 0 203,467 1,129,640 0 67 360,661 1,127,234 1,141,611
0.00 27,200 07 151,048 08 0 8 46,879 150,700 152,608
2 0 0 44.000 0 0 0 146.667 0
0.00 0.00 5,882.35 0 0 0 19,608 0
3A 1,733,772 1,766,337 1,702,316 1,726,266 1,764,862 1,770,422 1,469,864 1,706,612
231,787.67 236,141.26 227,582 30 230.651 234,607 236,687 199,180 228,411
3 8 1,966,202 1,468,263 689,269 1,822,006 1,694,261 1,436,679 102,896 1,346,146
261,524.36 198,965 70 118.884 90 243,584 253,243 192,069 13,756 179,832
10 0 81 606,143 0 0 236 222 1,683,717
0.00 10.78 81,302 58 0 0 32 30 225,096
19 1,681,466 1,166,667 973,634 1,683,394 1,676,176 942,612 682,894 1,166,666
211,428 85 155.971.58 130,151 65 211,684 210,585 126,018 91,296 156,239
20 963,361 1,641,826 1,617,466 830,289 1,246,166 1,660,019 1,674,678 966,079
127,453 30 206,126 38 202,872.33 111,001 166,465 224,601 223,874 129,021
21 1,469,382 1,487,390 1,496,663 1.487,643 1,464,367 1,484,100 1,608,903 1,468,009
196,441 40 198,848.97 199,941 54 196,869 195,771 198,409 201.725 196,258
22 1,613.960 1,622,436 1.631,143 1,607,626 1,626,714 1,617,867 1,611,833
1,662,660
202,399 73 203,534.16 204.698.31 201,541 203,972 202,922 202,117 207,560
26 1,407,760 1,668,844 1,648,776 1,330,316 1,666,624 1,662.486
1,699,262 1,642,433
188,203 19 208.401 54 207,055 48 177,850 209,428 207,552 213,805 206,208
30 1,321 42,693 86,769 978 1,719
62,260 44,611 69,383
176.63 5,707 65 11,866 23 131 230 8,324 5,951
7,939
31 0 0 0 0 0
0 0 0
0.00 0 00 0 00 0 0 0 0
0
3,187,997 4,073,019 6,132,464 3,069,324 3,617,663 4,368,643 6,290.661
6,380,124
426.202.76 544,521 30 686,158 28 409,001 470,275 582,733 707,294
719.268
33 372 212,333 226,886
0 1,166 312,610 626,660 69,764
49.77 28,386.76 30,198.58 0 156 41,810 83,778 9,325
34 2,691 1,637 26,247
1.606 2,268 2,416 4,664 1,997
346 38 218 80 3 .3 7 5 2 9 201 303 323 610
267
42 1,668,871 1,113,967 426,391
1,663,010 1,670.226 860,061 63,496 674,837
208,405 25 148,926 05 57,271.47 207,622 209,923 113,647 8,489 90,219
280
WELL
NO. ^ 2 -A p f-0 5  23-Apr-05 24-Apr-05 25 Apf-05 26-Apr-05 27-Apr-Q5
4
28.Apf.Q5 29-Apr-05
4
30-Apr-05
4
1 -May-05
3
2-May.05 3-May-05
0
0 00
0
0 00
0
0 0 0
0
0.00
0
0 00
0
0 00
0
0 00
0
0 00
0
0 00
0
0 00
0
0.00
0
0 00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
000
0 
0 00
0
0.00
0
0.00
0
0.00
0
0.00
1.740.330
233,467.58
1.746.338
233,467.58
1.746.338
233,467 58
1.776,083
237,310.61
1.776,083
237,310.61
1,776,083
237,310 61
1,732,400 
231,604 28
1.732,400 
231,604 28
1,732,400 
231.604 28
1,732,400
231,604 28
1,712,867
228 ,9 9 2 8 7
1,712,867 
228,992 87
2,434,629
325,485.16
2,434,629
325,485 16
2,434,629
325,485.16
1,784,096
238,515.33
1,784,096
238,515.33
1,784,096
238,515 33
2,386,060
318,856 95
2,386,060
318,856.95
2,386,060 
318,856 95
2,386.060 
318,856 95
2,396,281
320,224 69
2,396,281 
320,224 69
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0.00
0
0 00
0
0.00
0
0.00
0
0.00
1,662,706
208,917.78
1,662,706
208,917.78
1.662,706
208,917.78
1,662,937
222.317.74
1.662,937
222,317.74
1,662,937
222,317.74
1,612,373
202,188.84
1,612,373
202,188.84
1,612,373
202,188.84
1,612,373
202,188.84
1,683,467
211,693.40
1,683,467
211,693.40
1,314.196
175.694,69
1,314,196
175,694.69
1,314,196
175,694 69
993,397
132,807.13
993.397
132,807.13
993,397
132,807.13
1,262,686
167,457 82
1,262,686
167,457 82
1,262,686
167,457 82
1,262,686
167,457 82
768,289
1 02,71248
768,289
102,712 48
1,467,900
196,243.32
1.467,900
196,243.32
1,467.900
196,243.32
1,381,267
184,661.32
1,381,267 
184,661 32
1,381,267 
184,661 32
1,438,400
192,299 47
1,438,400
192,299.47
1,438,400
192,299.47
1,438,400
192,299.47
1,496,833
199,977 72
1,496,833
199,977 72
1,027,000
137,299.47
1,027,000
137,299.47
1,027,000
137,299.47
2,186,000
292,245.99
2,186,000
292,245.99
2,186,000
292,245.99
1,634,000
205,080.21
1,634.000
205,080.21
1,634,000
205,080 21
1,634,000
205,080.21
1,623,667
203,698 75
1,623,667
203,698.75
1.681,726 
211,460 56
1 ,681,726 
211,460 56
1.681,726
211,460 56
1,482,967
198,257.58
1,482,967
198,257.58
1,482,967
198,257.58
1,616,900
216,163.10
1,616,900
216,163 10
1,616,900
216,163.10
1.616,900
216,163 10
1,496,733
199,964 35
1,496,733
199,964 35
0
0 0 0
0
o o o
0
0.00
6,693
894.74
6.693
894.74
6,693
894.74
0
0 00
0
0.00
0
0.00
0
0.00
2,961
395.90
2,961
395.00
0
0.00
0
0.00
0
0 0 0
0
0.00
0
0 00
0
0 0 0
0
0.00
0
0.00
0
0 00
0
0 00
0
0 00
0
0 0 0
3,301.780 3 ,301,780 3 ,301,780 3,418,200
456,978.61
3,418,200
456,97861
3,418,200
456 ,97861
3,663,900
469,826 20
3,663,900
469,826 20
3,663,900
489.826 20
3,663,900
489,826.20
3.766,733
502,237.08
3.766.733
502.237 08
0
0.00
0
0  00
0
0.00
0
0 00
0
0 00
0
0 00
3,723
497.69
3,723
497.69
3,723
497 69
3,723
497.69
760
100 31
760
100 31
0
0.00
0
0.00
0
0.00
16,876
2,122 46
16.876
2,122.46
1 6 6 7 6
2,122.46
0
0.00
0
000
0
0.00
0
0 0 0
0
0.00
0
0.00
1 ,646,400
206,737.97
1,646,400
206,737.97
1,646,400
206.737.97
1,648,333
2 2 0 ,3 6 5 4 2
1,648,333
220,365.42
1,648.333
220,365.42
1,626.113
203,892 05
1,626,113
2 0 3 ,8 9 2 0 5
1,626,113
203,892 OS
1,626,113
203,892 05
1,776,283
237,337.30
1,776,283
237,337.30
281
W ELL 3 4 4 4 4 3 3 3 4 4 4 4
NO. 4 May 05 S-May-05 e-May-OS 7 May-05 8-May-05 9-May-05 IO M ay-05 11 -May-05 12-May-OS 13-May-05 14-May-05 15-May-05
1 0 0 0 0 0 401 401 401 0 0 0 0
0.00 0.00 0.00 0.00 0 00 53 61 53 61 5 361 0 00 0.00 0 00 0 00
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0.00 0 00 0.00 0 00 0 00 0.00 0 00
3A 1,712,997 1,786,988 1,786,688 1,789,688 1,789,688 1,776,617 1,776,617 1,776,617 1,760,826 1,760,826 1,760,826 1,760,826
228,992.87 238,861 97 238,861 97 238,861 97 238,861 97 237,368 54 237,368 54 237 ,36854 234,067 51 234,06751 234,067 51 234,067 51
3B 2,399,281 1,477,670 1,477,670 1,477,670 1,477,670 684,119 684,119 984,119 1,403,662 1,403,662 1,403,662 1,403,662
320,224.69 197,536 03 197 ,536 03 197,536.03 197,538 03 91,458 76 91,459 76 81,459 76 187,653 94 187,653 94 187,653.94 187,653 94
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 1,683,497 1,904,200 1,604,200 1,604,200 1,904,200 1,640,783 1,640,783 1,640,783 1.626.887 1,626,887 1,626,887 1,626,887
211,693.40 214,465.24 214,465.24 214,465 24 214,465 24 205,987.08 205,987.08 205,987 08 217,498 30 217,498 30 217,498.30 217,498.30
20 768,289 1,429,008 1,429,008 1,429,008 1,429,008 1,626,700 1,626,700 1,626,700 1,673,026 1,673,026 1,673,026 1,673,026
102,712.48 191,043.85 191,043 85 191,043.85 191,043 85 217,473.26 217,473.26 217,473.26 223,666.44 223,666 44 223,666 44 223,666.44
21 1,496,833 1,620,126 1,620,126 1,620,126 1,620,126 1,471,667 1,471,667 1,471,667 1,600,800 1,600,800 1,600,800 1,600,800
199,977 72 203,225.27 203,225.27 203,225.27 203,225.27 196,733.51 196,733.51 196,733.51 200,641.71 200,641.71 200,641.71 200.641,71
22 1,623,997 1,626,260 1,626,260 1,626,260 1,626,260 1,622,000 1,622,000 1,622,000 1,497,260 1,497,260 1,497,260 1,497,260
203,698.75 203,910.43 203,910 43 203,910.43 203,910.43 203,475.94 203,475.94 203,475.94 200,167.11 200,167.11 200,167 11 200,167.11
29 1,496,733 1,664,126 1,664,126 1,664,126 1,664,126 1,649,967 1,649,967 1,949,967 1,626.176 1,626,176 1,626,176 1,626,176
199,964 35 207,770.72 207,770.72 207,770.72 207,770 72 220,583.78 220,583.78 220,583.78 203,900 40 203,900.40 203,900 40 203,900.40
30 2,991 1,786 1,789 1,786 1,786 0 0 0 189,473 189,473 189,473 189,473
395.90 238.70 238.70 238.70 238.70 0.00 0.00 0.00 25,33061 25,33061 25,33061 25,330.61
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0 00 0 00 0 00 0.00 0.00 0.00 0.00
32 3,769,733 3,646,096 3,649,096 3,646,096 3,646,096 3,432,940 3,432,940 3,432,940 2,632,400 2,932,400 2,932,400 2,632,400
502,237.08 474,076.87 474,076.87 474,076.67 4 7 4 ,0 7 6 8 7 4 5 8 ,9 4 9 2 0 458,949.20 458,949.20 351,925 13 351,925.13 351,925 13 351,925.13
33 760 1,837 1,837 1,837 1.837 0 0 0 296,114 299,114 296,114 296,114
100.31 245.62 245 62 2 4 5 6 2 245 62 0 00 0.00 0 00 39,587.40 39,587.40 39.587.40 39,587 40
34 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 00 0 00 0.00 0.00 0.00 0.00
42 1 ,7 7 6 ^ 8 3 1,492,860 1,492,860 1,492,860 1,462,860 1,622,147 1,622,147 1,622.147 1,674,496 1,674,496 1,674,466 1,674,466
237,337.30 195,568.22 195,568.22 195,568.22 195,568.22 203,495.54 203,495.54 203,495 54 210,489 97 210,489 97 210,489 97 210,489 97
282
WELL 7 7 7 7 7 7 7 3 3 3 5 5
NO. 16-May-05 17-May-05 1 S-May-05 19-May-OS 20-May-05 21 -May-05 22-May-05 23-May-05 24 May-05 25-May-05 26-May-05 27 May-05
1 239 239 239 239 239 239 239 0 0 0 1,049,309 1,049,309
31.90 31.99 31.99 31.99 31.99 31 99 31 99 0 00 0 00 0 00 140,281 93 140.281 93
2 0 0 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0 0 0 0 00 0.00 0.00 0.00 0 00 0 00 0 00 0.00 0 0 0
3A 1,762,214 1,782,214 1,782,214 1,782,214 1,782,214 1,782,214 1,782,214 1,769,067 1,769,067 1,769,067 1,771,880 1,771,880
238.263 94 238,263.94 238.263 94 238,263 94 238,263.94 238,263.94 238,263.94 236,506 24 236,506 24 236,506 24 236,882 35 236,882 35
3 8 843,570 843,570 843,670 843,670 843,570 843,670 843,670 1,266,626 1,266,526 1,266,626 2,343,770 2,343,770
112,776.74 112,776.74 112,776 74 112,776.74 112 ,776 74 112,776.74 112,776.74 169,187 92 169,187 92 169,187 92 313,338.24 313,338 24
10 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00
18 579,414 679,414 679,414 679,414 579,414 679,414 679,414 689,667 689,667 689,667 1,120,447 1,120,447
77,461 62 77,461.82 77,461 82 77.461 82 77,461.82 77,461.62 77,461.82 78,832.44 78,832 44 78,832.44 149,792.33 149,792.33
20 1,689,429 1,689,429 1,689,429 1,689,429 1,689,429 1,689,429 1,689,429 1,690,467 1,690,467 1,690,467 1,683,220 1,683,220
225,859.43 2 2 5 ,8 5 9 4 3 225,859 43 225,859 43 225,859 43 225,859.43 225.859.43 225,998 22 225,998 22 225,998.22 225,029.41 225,029.41
21 1,467,429 1,487,429 1,487,429 1,487,429 1,487,429 1,487.429 1,487,429 1,462,443 1,462,443 1,462,443 1,481,474 1,481,474
198.854.09 198,854 09 198,854 09 198,854.09 198,854 09 198.854 09 198,854.09 195,513.81 195,513.81 195,51381 198,058.02 198,058 02
22 1,627,429 1,527,429 1,627,429 1,627,429 1,627,429 1,627,429 1,627,429 1,624,000 1,624,000 1,624,000 1,643,800 1.543,800
204,201 68 204,201 68 204,201 68 204,201 68 204,201.68 204,201 68 204,201.68 203,743.32 203,743.32 203,743 32 206,390.37 206.390.37
26 1,556,286 1,566,286 1,666,286 1,556,266 1,666,286 1,666,286 1,656,286 1,603,733 1,603,733 1,603,733 1,639,840 1,539,840
208,059 59 208,059 59 208,059 59 208,059 59 208,059.59 208,059 59 208,059 59 214,402.85 214,402 85 214,402 85 205.860 96 205,860 96
30 4,427 4,427 4,427 4,427 4,427 4,427 4,427 2.620 2,620 2,620 102,206 102,206
591.83 591.83 591 83 591 83 591 83 591 83 591.83 336 94 336 94 336 94 13.663 72 13,663 72
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0 00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0 00
32 4,353,129 4,363.129 4,363,129 4.363,129 4,363,129 4,363,129 4,363,129 4,868,500 4,868,600 4,858,500 5,315,980 6,316,980
581,969 06 581,969.06 581,969.06 581,969.06 581,969.06 581,969 06 581,969.06 649,532 09 649,532.09 649,532.09 710,69251 710,692.51
33 343.349 343,349 343,349 343.349 343,349 343,349 343,349 348,824 348,824 348,824 386,926 386,926
45.902 31 45.902.31 45.902.31 45,902.31 45,902.31 45,902.31 45,902 31 46,634.27 46,634.27 46,634,27 51,727,99 51.727 99
34 7,248 7,248 7,248 7,248 7,248 7,248 7,248 0 0 0 0 0
968.98 968.98 968.98 968 98 968.98 968 98 968 98 0.00 0.00 0.00 0.00 0.00
42 871,264 871,264 871,264 871,264 871,264 871,254 871,264 276,340 276,340 276,340 690,196 690,196
116.477.86 116.477 86 116,477.86 116,477.86 116,477 86 116,477 86 116,477.86 36,943.81 36,943 81 36,943 81 92,272.19 92,272 19
283
W ELL 5 5 5 2 2 4 4 4 4 3 3 3
NO. 28-M av-05 29-M3V-05 30-May 05 31-May-05 1-Jun-05 2-Jun-OS 3 Ju n  OS 4 Jun 05 5-Jun-05 6-Jun-05 7-Jun-05 8-Jun-OS
1 1,049,309 1,049,309 1,049,309 1,067,730 1,067,730 467,620 467,620 467,620 467,620 2,016,060 2,016,060 2,016,060
140,281.03 140,281.93 140,281.93 141,407.75 141,407 75 61,179.11 61,176.11 61,179 11 61,179.11 269.526 78 269,526 78 269,526.78
2 0 0 0 0 0 0 0 0 0 440,000 440,000 440,000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 58,823.53 56,823.53 58,823 53
3A 1,771,880 1,771,880 1,771,880 1,766,736 1,766,736 1,809,833 1,809,833 1,809,833 1,809,833 843,767 843,767 843,767
236,882.35 236.882.35 236,882 35 236,194 52 236,194.52 241,956.22 241,956.22 241,956.22 241,956.22 112,803.03 112,803.03 112,803.03
3B 2,343,770 2,343,770 2,343,770 1,667,617 1,667,617 222,692 222,692 222,692 222,692 11,767 11,767 11,767
313.338 24 313,338.24 313,338.24 209,574.47 209,574.47 29.771 59 29,771 59 29,771 59 29,771.59 1,573 08 1,573 08 1,573.08
10 0 0 0 2,600 2,600 600 600 600 600 0 0 0
0.00 0.00 0.00 334.22 334.22 66 84 66.84 66.84 66.84 0 00 0 00 0.00
19 1,120,447 1,120,447 1,120,447 930,084 930,084 611,272 611,272 611,272 611,272 696,904 696,904 696,904
149,792.33 149,792.33 149.792.33 124,342 71 124,342.71 81,720.86 81,720.86 81,720.86 81,720.86 03,168.98 93,168.98 63,168.98
20 1,683,220 1,683,220 1 ,6 8 3 4 2 0 1,637,400 1,637,400 1,788,429 1,788,429 1,788,429 1,788,429 1,616,962 1,616,962 1,616,962
2 2 5 ,0 2 9 4 1 225,029.41 225,029.41 218,903.74 218,903.74 239,094 72 239,094.72 239,094.72 239,094.72 202,668 72 202,668.72 202,668 72
21 1,481,474 1,481,474 1,481,474 1,478,100 1,478,100 1,633,879 1,633,879 1,633,879 1,633,879 1,476,611 1,476,611 1,476,611
198,058 02 198,058 02 198,058 02 197.606.95 197,606 95 205.064.07 205,064 07 205,064.07 205,064.07 197,260.83 197,260 83 197,260 83
22 1,643,800 1,643,800 1,643,800 1,461,600 1,461,600 1,606,000 1,608,000 1,608,000 1,608,000 1,613,000 1,613,000 1,613,000
206,390 37 206,390 37 206,390.37 194,050 80 194,050.80 201,604 28 201,604 28 201,604 28 201,604.28 202,272.73 202,272.73 202,272.73
26 1,639,840 1 ,6 3 9 4 4 0 1,639,840 1,648,660 1,648,660 1,699,002 1,699,002 1,699,002 1,699,002 1,672,267 1,672,267 1,672,267
205,860.96 205,860.96 205,860.96 207,025.40 207,025.40 213,770.32 213,770 32 213,770.32 213,770 32 223,565 11 223,565.11 223.565 11
30 102,206 102,206 1 0 2 4 0 6 0 0 89,176 89,176 89,176 89,176 14,632 14,632 14.632
13,663.72 13,663.72 13,663.72 0.00 0.00 11,921.79 11,921.79 11,921.79 11,921,79 1,956.19 1,956.19 1,956.19
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0 00 0.00
32 6,316,980 6,316,980 6,316,980 4,689,400 4,689,400 6,142,620 6,142,620 6,142,620 6,142,620 6,461,340 6,461,340 6,461,340
710,692 51 710,692.51 710,692.51 626,925.13 626,925 13 687,502.67 687,502.67 687,502.67 687,502.67 730,125.67 730,125.67 730,125 67
33 386,926 386,926 386,926 0 0 1,363,066 1,363,066 1,363,066 1,363,066 62,040 62,040 62,040
51.727 99 51,727.99 51,727.99 0.00 0.00 182,227 94 182,227.94 182,227 94 182,227 94 8,294 12 8,294 12 8,294.12
34 0 0 0 0 0 0 0 0 0 11,366 11,366 11,366
0 00 0 00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 1.519.56 1,519.56 1,519.56
42 690,196 690,196 690,196 687,630 687,630 72,461 72,461 72,461 72,461 78,706 78,706 78,706
92,272.19 92,272.19 92.272 19 78,546 79 78,546.79 9,687.30 9,687.30 9,687.30 9,687.30 10,522.15 10,522.15 10,522 15
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WELL 4 4 4 4 3 3 3 4 4 4 4 3
NO. B-Jun-OS IO-Jun-05 11-Jun-05 12-Jun-05 13-Jun-05 14-Jun-OS 15-Jun-05 16-Jun-05 17-Jun-05 18-Jun-05 19-Jun-05 20-Jun-05
1 1,133,226 1,133,226 1,133,226 1,133,226 1,121,323 1,121,323 1,121,323 1,134,678 1,134,678 1,134.678 1,134,678 1 ,134497
151,500.67 151,500 67 151,500.67 151,500.67 149,909.54 149,909.54 149,909.54 151.694.85 151.694 85 151,694 85 151,694 85 151,670.68
2 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0 00 0.00 0.00
3A 1,010,076 1,810,076 1,819,076 1,810.076 1,771,367 1,771,367 1,771,367 1,786,176 1,786,176 1,786,176 1,786,176 2,112,767
243,191.84 243,191 84 243,191 84 243,101 84 236,813.73 236,813.73 236,813.73 238.793.45 238,793.45 238,793.45 238,793.45 282,455.44
3B 0 0 0 0 644,300 644,300 644,300 1,317,926 1,317,926 1,317,926 1,317,926 2,026,100
0.00 0.00 0.00 0.00 86,136.36 86,136 36 86,136 36 176,193.18 176,193.18 176,193 18 176,193.18 270,735.29
10 0 0 0 0 667 667 667 0 0 0 0 1,668,000
0.00 0.00 0.00 0.00 89 13 89.13 89.13 0 00 0 00 0 00 0 00 208,288 77
10 006,126 006,126 806.126 806,126 1,172,000 1,172,000 1,172.000 868,260 868,260 868,260 868,260 1,224,817
107,637.03 107,637 03 107,637 03 107.637.03 156,791 44 156,791.44 156,791.44 116,076.20 116,076.20 116,076 20 116,076 20 163,745.54
20 1,684,800 1,604,800 1,684,000 1,684,000 1,666,967 1,666,967 1,666,967 1,681,960 1,681,960 1,681,960 1,681,960 1,678,886
225,240,64 225,240 64 225,240.64 225,240.64 222,856 51 222,856,51 222,856.51 224.859.63 224.859.63 224,859 63 224.859.63 224,450.00
21 1,600,030 1,600,030 1,600,030 1,609,030 1,466,000 1,466,000 1,466,000 1,601,767 1,601,767 1,601,767 1,601,767 1,496,611
201,742.98 201,742 98 201,742.96 201,742.98 195,855.61 195,855,61 195,855.61 200,770.92 200,770.92 200,770.92 200,770.92 200,068.36
22 1,617,760 1,617,760 1,617,760 1,617,760 1,622,000 1,622,000 1,622,000 1,624,760 1,624,760 1,624,760 1,624,760 1,626,333
202,907.75 202,907.75 202,907 75 202,907.75 203,475.94 203,475.94 203,475.94 203,843.58 203,843 58 203,843.58 203,843 58 204.055 26
26 1,490,273 1,400,273 1,400,273 1,400,273 1,620,300 1,620,300 1,629,300 1,691,726 1,691,726 1,691,726 1,691,726 1,417,800
199,234 32 199.234.32 199,234 32 199,234 32 204,451 07 204.451 87 204,451 87 212,797 46 212.797 46 212,797 46 212,797.46 189,545.45
30 0 0 0 0 317.100 317,100 317,100 160,424 160,424 160,424 160,424 0
0.00 0.00 0.00 0.00 42,393 09 42,393,09 42,393.09 20,110.09 20,110.09 20,110 09 20,110.09 0.00
31 0 0 0 0 0 0 0 0 0 0 0 0
0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
32 6,330,476 6,330,476 6,330,476 6,330,476 3,936,700 3,936,700 3,936,700 6,100,426 6,100,426 6,100,426 6,100,426 6,162,600
712.630 35 712,630 35 712,630 35 712,630.35 526,296 79 526,296.79 526,296.79 681,875.00 681.875,00 681,875 00 681,875 00 688,836 90
33 700 780 700 700 02,464 92,464 92,464 1,149 1.149 1,149 1,149 6,964
104.28 104.28 104.26 104,28 12,361.45 12,361.45 12,361 45 153 64 153.64 153 64 153.64 795.99
34 3,400 3,400 3,400 3,490 209,171 209,171 209,171 8,722 8,722 8,722 8,722 8,909
466.58 466.58 466.58 466.58 27,963.99 27.963.99 27,963.99 1,166.08 1,166.08 1,166.08 1,166 08 1,191 04
42 22,760 22,760 22,760 22,760 663,600 663,600 663,600 208,007 208,007 208,007 208,007 992,767
3,041.41 3,041.41 3.041 41 3,041 41 87,366.31 87,366 31 87,366.31 27.808 42 27 ,8 0 8 4 2 2 7 ,8 0 8 4 2 27 ,8 0 8 4 2 132,721 57
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WELL 3 3 4 4 4 4 3 3 3 5
NO. 21 Jun-OS 22-Jun-05 23 Jun-05 24 Jun-05 2S-Jun 05 26 Jun 05 27-Jun-05 28 Jun  05 26-Jun-OS 30-Jun-05
1 1,134,497 1,134,497 1,136,333 1,136,333 1,136,333 1,136,333 1,161,033 1,161,033 1,161,033 1,126,300
151.670 68 151,670 68 151,782 42 151,782.42 151,782.42 151,782.42 153,881 46 153,881 46 153,881.46 150,441 18
2 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00
3A 2,112,767 2,112,767 1,603,816 1,603,816 1,603,816 1,603,816 1,767,769 1,767,769 1,767,769 1,770,131
282,455.44 282,455.44 214,413.87 214,413 87 214,413 87 214,413 87 234,995 90 234,995.90 234,995.90 236,648.56
3B 2,026.100 2,026,100 1,416,668 1,416,668 1,416,668 1,416,668 1,166,268 1,166,268 1,166,268 1,741,767
270,735 20 270,735.29 189.392.71 189,392 71 189,392.71 189,392 71 155,784.45 155,784 45 155,784 45 232.855 16
10 1,668,000 1,668,000 1,730,760 1,730,760 1,730,760 1,730,760 1,667,000 1,667,000 1,667,000 1,669,800
208,288.77 208,288.77 231.383 69 231,383.69 231,383.69 231,383.69 221,524.06 221,524.06 221,524.06 223,235.29
19 1,224,817 1 ,224,817 1,420,901 1,420,901 1,420,901 1,420,901 966,097 966,097 966,097 1,271,906
163,745.54 163,745,54 189,959.96 189,959.96 189,959.96 169,959.96 129,157.35 129,157.35 129,157.35 170,040.75
20 1,678,886 1 ,678,886 1,446,261 1,446,261 1,446,261 1,446,261 662,133 662,133 662,133 943,660
224,450.00 224,450.00 193,216.64 193,216.64 193,216.64 193,216.64 87,183 60 87,183 60 87,183.60 126,143 05
21 1,496,611 1,496,611 1,646,464 1,646,464 1,646,464 1,646,464 1,416,698 1,416,698 1,416,698 1,470,333
200,068.36 200.068 36 206,612.77 206.612.77 206,612.77 206,612.77 189,251.11 189,251 11 189,251.11 196,568 61
22 1,626.333 1,626,333 1,640,760 1,640,760 1,640,760 1,640,760 1,601,667 1,601,667 1,601,667 1,628,800
204,055 26 204,055.26 219,351 60 219,351 60 219,351.60 219,351 60 200,757 58 200,757.58 200,757.58 204,385.03
26 1,417,800 1,417,800 1,639,000 1,639,000 1,639,000 1,639,000 1,633,433 1,633,433 1,633,433 1,676,300
189,545 45 189,545.45 205,748 66 205,748 66 205,748.66 205,748.66 205,004.46 205.004 46 205,004 46 210,735.29
30 0 0 176,446 176,446 176,446 176,446 712 712 712 1,273
0 00 0.00 23,588.94 23,588 94 23,588.94 23,588 94 95.19 95.19 95.19 170 13
31 0 0 0 0 0 0 0 0 0 0
0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00
32 6,162,600 6 ,162,600 6,629,236 6,629,236 6,629,236 6,629,236 6.301,168 6,301,168 6,301,168 6,318,801
688,836 90 688,836 90 739,202.67 739,202.67 739,202.67 739,202 67 708,710.92 708,710.92 708,710 92 711,06971
33 6,964 6,964 208,344 208,344 208,344 208,344 263 263 263 1,074
795.99 7 95  99 27,853.51 27,853.51 27,853.51 27,853 51 33.87 33.87 33 87 143 64
34 8,909 8,909 4,122 4,122 4,122 4,122 1,138 1,138 1,138 328
1,191.04 1,191 04 551 04 551.04 551.04 551.04 152.09 152.09 152.09 43.82
42 992,767 992,767 913,704 913,704 913,704 913,704 427,623 427,623 427,623 939,047
132.721 57 132,721.57 122,152 87 122,152.87 122 ,15287 122,152 87 57,155 44 57,155.44 57,155.44 125,540 99
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Appendix Q 
MODEL
287
The data used to set model boundary conditions and the resulting transient boundary report 
follows. The remaining input and output files and three models are available on the enclosed CD-ROMs. 
The three models are the original March 2005 steady state model, the May 2004 steady state model and the 
transient model. These models are saved in Groundwater Vistas 4.0 format.
2 8 8
Data used to set General Head Boundai
Period
e
length of 
recharge 
period in 
days
Cumulative
Days Date
heads will 
represent 
conditions 
from
1 11 11 15-May 5/10-5/21
2 14 25 26-May 5/22-6/4
3 13 38 9-Jun 6/5-6/17
4 16 54 22-Jun 6/18-7/3
5 21 75 8-Jul 7/4-7/24
6 33 108 29-Jul 7/25-8/25
7 26 134 1-Sep 8/26-9/23
8 19 153 27-Sep 9/24-10/12
9 29 182 17-Oct 10/13-11/10
10 28 210 15-Nov 11/10-12/8
11 36 246 13-Dec 12/9-1/13
12 16 262 18-Jan 1/14-1/29
13 13 275 4-Feb 1/30-2/11
14 28 303 17-Feb 2/12-3/11
15 21 324 17-Mar 3/12-4/1
16 19 343 7-Apr 4/2-4/20
17 21 364 4/26 4/21-5/11
18 21 385 5/17 5/12-6/1
19 9 394 7-Jun 6/2-6/10
20 14 408 16-Jun 6/12-6/24
21 13 421 30-Jun 6/25-7/8
Head o f Head of 
GRG
Head at 
P26
Head at 
LGD
GHB 
9 East
GHB
8
North
GHB
7
West
3182.90 3202.17 3127.36 3187.6 3238.3 3131.2
3184.66 3203.32 3128 49 31893 3239.4 3132.3
3186.00 3203.30 3129.61 31907 3239.4 3133.5
3185.18 3202.45 3129.56 31899 3238.5 3133.4
3184.51 3201.97 3128.81 3189.2 3238.1 3132.7
3182.46 3201.95 3127.40 3187.1 3238.0 3131.3
3181.01 3202 07 3127.01 3185.7 3238.2 3130.9
3182.28 3202.06 3127.54 3187.0 3238.1 3131.4
3181.77 3200.33 3127.01 3186.4 3236.4 3130.9
3180.34 3199.54 3131.87 3126.43 3185.0 3235 6 3125.8
3179.15 3199.11 3126.03 3125.88 3183.8 3235.2 3125.3
3180.57 3200.09 3129.94 3125.33 3185.2 3236.2 3124.7
3179.56 3199.35 3129.94 3125.51 3184.2 3235.4 3124 9
3178 88 3198.78 3129,31 3125.28 3183,6 3234.9 3124.7
3178 33 3199.17 3129.59 3125 15 3183.0 3235.3 3124.6
3178 63 3199.4 3129.5 3125.08 3183.3 3235.5 3124.5
3180.59 3201.19 3130.08 3125.53 3185.3 3237.3 3124.9
3185.65 3203.2 3132.38 3127.68 3190.3 3239.3 3127.1
3187.65 3205.9 3135.69 3129.6 3192.3 3242.0 31290
3186.89 3203.72 3136.33 3129.71 3191.6 3239.8 3129.1
3186.39 3202.97 3136.28 3129.66 3191.1 3239.1 3129 1
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D ata used to  set R iver H ead V alues in M odel Cell in Mode!
87 72 59 59 Row
170 136 108 137 Column
length oi 
recharge 
Recharge period in 
Period days
Cumulative
Days Date
heads will 
represent 
conditions 
from
CFR in Hellgate 
Canyon (HGR)
CFR below 
Walking Bridge 
Levelogger
CFR below 
Orange St. 
Bridge (ORB)
Rattlesnake 
Creek below 
Railroad St. 
Bridge (RAB)
1 11 11 15-May 5/10-5/21 3187.5 3179 8 3169.0 3206.6
2 14 25 26-May 5/22-6/4 3188.2 3180.3 3169.7 3207.1
3 13 38 9-Jun 6/5-6/17 3188.3 3180.5 3170.0 3206.9
4 16 54 22-Jun 6/18-7/3 3187.2 3179.5 3168.0 3206.9
5 21 75 8-Jul 7/4-7/24 31864 3178.8 3168.4 3206 3
6 33 108 29-Jul 7/25-8/25 3185.6 3177.8 3167.5 32060
7 26 134 1-Sep 8/26-9/23 3185.5 3167.6 3206.0
8 19 153 27-Sep 9/24-10/12 3186.0 3178.3 3168.0 3206.3
9 29 182 17-Oct 10/13-11/10 3185.8 3178.1 3167.9 3206.2
10 28 210 15-Nov 11/10-12/8 3185.7 3178 0 3167.8 3206.1
11 36 246 13-Dec 12/9-1/13 3185.7 3177.9 3167.8 3206.2
12 16 262 18-Jan 1/14-1/29 3179.9 3170.0 3206.5
13 13 275 4-Feb 1/30-2/11 3178.1 3167.8 3206.2
14 28 303 17-Feb 2/12-3/11 3185 1 3177.8 3167.6 3206.2
15 21 324 17-Mar 3/12-4/1 3185.7 3178.1 3167.8 3206.3
16 19 343 7-Apr 4/2-4/20 3186.0 3178.3 3168.0 3206.3
17 21 364 4/26 4/21-5/11 3187.4 3179.7 3169.2 3207.0
18 21 385 5/17 5/12-6/1 3189.7 3182.3 3171.4 3207.5
19 9 394 7-Jun 6/2-6/10 3189.9 3182.3 3171.7 3207.1
20 14 408 16-Jun 6/12-6/24 3188.6 3180.9 3170.5 3207.1
21 13 421 30-Jun 6/25-7/8 3188.1 3180.4 3169.8 3206.8
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Transient Model Boundary End Report
ft7day
ft'fo r 
stress 
penod ft /day
ft'fo r 
stress 
period ftVday
ft'fo r 
stress 
period ft'/day
ft'fo r 
stress 
period ft /day
ft'fo r 
stress 
period ft'/day
ft'fo r 
stress 
period ft'/day
ft'fo r 
stress 
period ft'/day
ft'fo r 
stress 
period ft'/day
ft'fo r 
stress 
period
da^s from
heads will 
represent
stress time beginning o( conditions Tertiary Tertiary Patty Patty pumping pumping
penod step model run from Hills Hills Canyon Canyon River2 River2 River3 River3 River6 River6 GHB8 GHB8 GHB9 GHB9 GHB7 GHB7 WeU Well
1 11 11 5/10-5/21 1.5E+05 1 7E+06 5.8E+04 6.4E+05 3.4E+07 3.8E+08 4.6E+05 5.1E+06 1.4E+06 1.5E+07 3.2E+05 3.5E+06 4.3E+06 4.7E+07 -3.9E+07 -4.3E+08 -2.4E+06 -2.6E-K)7
2 14 25 5/22-6/4 1.5E+05 2.1E+06 5.8E+04 8.2E+05 3.9E+07 5.4E+08 4 7E+05 6.6E+06 1.4E+06 1.9E+07 3.3E+05 4 6E+06 4.3E+06 6.0E+07 -4.2E-K)7 -5.9E+08 -2.4E-K)6 -3.3E+07
3 13 38 6/5-6/17 1 5E+05 2.0E+06 5.8E+04 7.6E+05 4.1E+07 5.3E+08 4 4E+05 5.7E+06 1.4E+06 1.8E+07 3.2E+05 4.1E+06 4 3E+06 5.6E+07 -44E+07 -5.7E-K)8 -2.4E+06 -3.!E-H)7
4 16 54 6/18-7/3 1.5E+05 24E+06 5.8E+04 9.3E+05 3.2E+07 5.2E+08 4.0E+05 6.4E+06 1.3E+06 2.1E-H)7 3.2E+05 5.1E+06 4.7E+06 7.5E+07 -3.7E+07 -5.9E+08 -3.0E+06 -4.8E+07
5 21 75 7/4-7/24 1.5E+05 3.2E+06 5.8E+04 1.2E+06 3 3E+07 6.9E+08 3.5E+05 7.4E+06 l.lE+06 2.2E+07 3.3E+05 7.0E+06 5.0E+06 1.1E-K)8 -3.6E+07 -7.7E+08 -3.6E+06 -7.6E+07
6 33 108 7/25-8/25 15E+05 5.0E-K)6 5.8E+04 1.9E+06 2.9E+07 9.4E+08 3.2E+05 l.lE+07 l.lE+06 3.5E+07 3.6E+05 1.2E+07 5.4E+06 1.8E+08 -3.2E+07 -1 lE+09 -3 8E+06 -1.2E+08
7 26 134 8/26-9/23 1.5E+05 3.9E+06 5.8E+04 T5E+06 2.7E+07 7 0E+08 3.4E+05 8.8E+06 1.1E-H)6 2.8E+07 3.6E+05 94E+06 4.9E+06 1.3E+08 -3.2E+07 -8.2E+08 -2.3E+06 -6.1E+07
8 19 153 9/24-10/12 1.5E+05 2.9E+06 5.8E+04 l.lE+06 29E+07 56E+08 3 6E+05 6.9E+06 l.lE+06 2.2E+07 3.5E+05 6.6E+06 5.0E+06 9.4E+07 -3.4E+07 -6.5E+08 -1.9E-KI6 -3.6E+07
9 29 182 11/10 1 5E+05 4.4E+06 5.8E+04 1.7E-K)6 2.9E+07 8 4E+08 3 5E+05 l.OE+07 l.lE+06 3.3E+07 3.1E+05 9.1E+06 4.9E+06 1.4E+08 -3.4E+07 -9.9E+08 -1.7E+06 -5.1E+07
10 28 210 11/10-12/8 15E+05 4.2E+06 5.8E+04 1.6E+06 28E+07 7.9E+08 3.5E-H)5 99E+06 1.1E-K)6 3.IE+07 3 0E+05 8.4E-K)6 4.7E-H)6 1.3E-K)8 -3.3E+07 -9.4E+08 -1.6E+06 -4.4EKI7
11 36 246 12/9-1/13 1.5E+05 5.4E-K)6 5.8E+04 2.1E+06 29E+07 1 OE+09 3 6E+05 1.3E+07 l.lE+06 4,lE+07 3 0E+05 l.lE+07 4.7E-H)6 1.7E+08 -3.4E+07 -1.2E+09 -1.5E+06 -5.5E-K)7
12 16 262 1/14-1/29 1.5E+05 2.4E-K)6 5.8E+04 93E+05 3 6E+07 5.8E+08 4 5E+05 7 2E+06 1.3E-K)6 2 1E-H37 3.0E+05 48E-H36 4.3E+06 6.9E+07 -4.0E+07 -6.4E+08 -1.5E+06 -2.5E+07
N ) 13 13 275 1/30-2/11 1 5E-K)5 2.0E+06 5.8E+04 7.6E+05 2.9E+07 3.7E+08 3.7E+05 4 9E+06 1 2E-K)6 1 5E+07 2.9E+05 3 7E+06 4.6E+06 5.9E+07 -3.5E+07 -4.5E+08 -1.6E+06 -2.0E+07
^  '4 28 303 2/12-3/11 1.5E+05 4.2E+06 5.8E+04 1.6E+06 2.7E+07 7.7E+08 3.2E+05 90E+06 l.lE+06 3.1E+07 2.9E+05 8 lE+ri6 48E+06 1.3E+08 -3.3E+07 -9.2E+08 -1.6E+06 -4.6E+07
15 21 324 3/12-4/1 15E+05 3.2E+06 5.8E+04 12E+06 2.8E+07 6.0E+08 3.6E+05 7 5E+06 1.2E+06 2 5E+07 2.9E+05 62E+06 4.5E+06 94E+07 -3.3E-K)7 -7.0E+08 -1.7E+06 -3.6E+07
16 19 343 4/2-4/20 1 5E-K)5 2.9E-K)6 5.8E+04 l.lE+06 3.0E+O7 5 6E+08 3.8E+05 7.2E+06 1.2E+06 2.3E+07 2.9E+05 56E+06 4.4E+06 8.4E+07 -34E+07 -6.5E+08 -1 8E+06 -3.4E+07
17 21 364 4/21-5/11 1.5E+05 3.2E-H)6 5.8E-t-04 1.2E'K)6 3.6E+07 7.6E+08 4.8E+05 l.0E-H)7 1.4E+06 3.0E+07 3.0E+05 6.3E+06 4.0E+06 84E-K17 -4.0E+07 -8.4E+08 -1.9E+06 -4.1E+07
18 21 385 5/12-6/1 1.5E-K)5 3.2E+06 5.8E-K)4 1.2E+06 48E407 l.OE+09 5.8E-K)5 1.2E+07 14E+06 2.9E+07 3 0E+05 6.3E+06 3.4E-KI6 7.1E+Û7 -5.0E+07 -1.1E-K)9 -2.2E-K)6 -4.7E+07
19 9 394 6/2-6/10 1.5E+05 1.4E+06 5,8E-K)4 5.3E+05 5.0E+07 4.5E+08 5.2E-H35 4.6E+06 1 3E+06 1 lE+07 3 6E+05 3.2E+06 3.6E+06 3.2E+07 -5.0E+07 -4.5E-K)8 -2.2E+06 -2.0E+07
20 14 408 6/12-6/24 1.5E-K)5 2.1E+06 5.8E-K)4 8.2E-K)5 4.4E+07 6.1E+08 4.5E+05 6.3E+06 13E+07 1 8E+08 3.1E-K)5 4.3E+06 3.8E+06 5.4E+07 ^.7E-K)7 -6.6E+08 -2.5E+06 -3.5E+07
lotai
21 13 421 6/25-7/8 1.5E-H)5 2.0E+06 5.8E-H)4 7.6E+05 3.9E-H07 5.1E+08 4.4E+05 5.8E-H)6 13E+06 1.7E+07 3.0E+05 3.9E+06 4.0E+06 5.2E+07 Total IN -4.4E+07 -5.7E+08 -2.6E+06 -3.4E-H)7 OUT
Total entire model
Run «.32E+07
Acre-ft for 
421 days 1.45E+03
1.38E+10
3 I6E+05
1.66E-H)S
1.53E+04
1,33E408
3.05E-H)3
I.92E+09 167E+I0
4.41E+04 3S4E+05
-1.56E+I0
-3.58E+05
-9.23E-K)8 -l.6SE+IO
■2.12E+<M -3 79E-KIS
0.4% 0.0% 01%  0.0% 82.2% 0.0% 1.0% 0.0% 4.0% 0.0% 0.8% 0.0% 11.5% 94.4% 5.6%
